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Abstract
We study the impact of a type-I SUSY seesaw concerning lepton flavour violation (LFV)
both at low-energies and at the LHC. The study of the di-lepton invariant mass distribution at
the LHC allows to reconstruct some of the masses of the different sparticles involved in a decay
chain. In particular, the combination with other observables renders feasible the reconstruction
of the masses of the intermediate sleptons involved in χ0
2
→ ℓ˜ ℓ→ ℓ ℓ χ0
1
decays. Slepton mass
splittings can be either interpreted as a signal of non-universality in the SUSY soft breaking-
terms (signalling a deviation from constrained scenarios as the cMSSM) or as being due to
the violation of lepton flavour. In the latter case, in addition to these high-energy processes,
one expects further low-energy manifestations of LFV such as radiative and three-body lepton
decays. Under the assumption of a type-I seesaw as the source of neutrino masses and mixings,
all these LFV observables are related. Working in the framework of the cMSSM extended
by three right-handed neutrino superfields, we conduct a systematic analysis addressing the
simultaneous implications of the SUSY seesaw for both high- and low-energy lepton flavour
violation. We discuss how the confrontation of slepton mass splittings as observed at the LHC
and low-energy LFV observables may provide important information about the underlying
mechanism of LFV.
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1 Introduction
The experimental observation of non-vanishing neutrino masses and mixings [1], constitutes clear
evidence for physics beyond the Standard Model (SM), and as of today, little is known about the
underlying model of new physics. Since neutrinos are very weakly interacting particles and their
masses lie orders of magnitude below the other fermion masses of the SM, additional experimental
input will be instrumental to shed some light on the new physics model.
In extensions of the SM where ν oscillations (and hence massive neutrinos) can be naturally
accommodated, many other new phenomena could in principle be expected. Among them, and
given that neutrino oscillations indisputably signal lepton flavour violation (LFV) in the neutral
sector, it is only natural to expect that charged lepton flavour will also be violated in these
extensions (for a review, see Ref. [2]). The search for manifestations of charged LFV constitutes
the goal of several experiments [3–15], exclusively dedicated to look for signals of processes such
as rare radiative as well as three-body decays and lepton conversion in muonic nuclei.
In parallel to these low-energy searches, the high-energy Large Hadron Collider (LHC) has
started its quest of unveiling the mechanism of electroweak (EW) symmetry breaking and of
possibly providing a solution to the SM hierarchy problem. Supersymmetry (SUSY) is a well
motivated solution for the hierarchy problem that also offers an elegant solution for the existence
of non-baryonic dark matter (DM) in the Universe [16–18]. If the LHC indeed finds signatures
of SUSY, it is then extremely appealing to consider supersymmetric models that can also accom-
modate neutrino oscillation phenomena. One of the most economical and elegant possibilities
is perhaps to embed a seesaw mechanism [19–21] in a supersymmetric framework, the so-called
SUSY seesaw.
If a type-I seesaw [19] is at work and explains the observed neutrino masses and leptonic mix-
ings, then the neutrino Yukawa couplings could leave their imprint in the slepton mass matrices:
as first shown in [22], starting from flavour diagonal soft supersymmetry breaking terms at some
high energy unification scale, flavour violation appears at low-energies due to the renormalisation
group (RG) evolution of the SUSY soft-breaking parameters [23, 24]. Having natural values for
the neutrino Yukawa couplings implies that the seesaw scale (e.g. the right-handed neutrino mass
scale in the case of a type-I seesaw) is very high, close to the Grand Unified Theory (GUT) scale
(MGUT ∼ 1016 GeV). Moreover, the flavour off-diagonal structure of the neutrino Yukawa cou-
plings required to comply with the observed large mixing in the lepton sector [25, 26], can then
induce potentially large lepton flavour violation in the slepton sector. Low-energy manifestations
of LFV in the framework of the SUSY seesaw include sizable branching ratios (BR) for radiative
decays as li → ljγ, three-body decays, li → 3lj and µ − e transitions in heavy nuclei [27–49]. In
the presence of CP violation, one can also have T- and P-odd asymmetries in LFV decays and
contributions to lepton electric dipole moments (see for example [50–53]).
The quest for new physics is currently being pursued along different avenues: high-energy
colliders like the LHC are the ideal laboratory to directly discover the particle content of the SM
extension; low-energy experiments probe the new physics contributions (arising from new particles
and/or interactions) to several observables (muon anomalous magnetic moment, electric dipole
moments, LFV, B-physics, etc.). A successful (or even partial) reconstruction of the underlying
model of new physics will necessarily rely on the complementarity of the information derived from
direct and indirect searches, which can be further strengthened by data from neutrino experiments,
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dark matter searches and cosmological observations.
In this work, we study the impact of a type-I SUSY seesaw concerning flavour violation both at
low-energies and at the LHC. At the LHC, there are three possible signals of LFV: firstly, one can
have sizable widths for LFV decay processes like χ02 → ℓ±i ℓ∓j χ01 [47,54–57] ; secondly, one can have
flavoured slepton mass splittings (MS). These can be identified since under certain conditions, one
can effectively reconstruct slepton masses via observables such as the kinematic end-point of the
invariant mass distribution of the leptons coming from the cascade decays χ02 → ℓ˜±ℓ∓ → ℓ±ℓ∓χ01.
If the slepton in the decay chain is real, the di-lepton invariant mass spectrum has a kinematical
edge that might then be measured with very high precision (up to 0.1 %) [58–60]. Together with
data arising from other observables, this information allows to reconstruct the slepton masses
[58–62]. Finally, one can observe multiple edges in di-lepton invariant mass distributions χ02 →
χ01ℓ
±
i ℓ
∓
i , arising from the exchange of a different flavour slepton l˜j (in addition to the left- and
right-handed sleptons, l˜iL,R). Slepton mass splittings can be either interpreted as a signal of
non-universality in the SUSY soft breaking-terms (hinting towards a deviation from flavour-blind
scenarios of SUSY breaking such as the constrained Minimal Supersymmetric Standard Model
(cMSSM)) or as being due to the violation of lepton flavour.
The potential of LHC experiments in probing the allowed seesaw parameters through mea-
surements of masses and branching ratios of supersymmetric particles has also been discussed in
Refs. [63–65]. Recently, another study of slepton mass-splittings as a probe of LFV at the LHC
was performed [66] for scenarios with an effective parametrization of flavour violation. In our case,
we consider the specific framework of a type-I SUSY seesaw, where the source of flavour violation
for both the LHC and the low-energy observables is unique - the neutrino Yukawa couplings -
implying that all these LFV observables will be correlated. Working in the framework of the
cMSSM extended by three right-handed neutrino superfields, and taking into account the DM
constraints [18], we conduct a systematic analysis addressing the simultaneous implications of the
SUSY seesaw for both high- and low-energy LFV.
Under the assumption of a type-I SUSY seesaw, the interplay of a joint measurement of
LFV branching ratios and of the Chooz angle θ13 has been shown to be a powerful tool to shed
some light on the SUSY seesaw parameters (see for example [46]). Here we will focus on how
the confrontation of slepton mass splittings (as potentially observable at the LHC) and of low-
energy LFV observables may provide important information about the underlying mechanism of
LFV. After having identified regions in the cMSSM parameter space, where the slepton masses
could in principle be reconstructed from the kinematical edges of di-lepton mass distributions
(i.e. χ02 → ℓ±i ℓ∓i χ01 can occur with a non-negligible number of events), we study the different
slepton mass splittings arising in this case from small flavour-conserving radiative effects and
LR slepton mixing. We then discuss the effect of implementing a type-I seesaw for the slepton
mass splittings, also exploring the implications for LFV decays. We investigate several scenarios
in which the SUSY seesaw can be tested and propose, in addition to two already existing LHC
benchmark points, other minimal Supergravity (mSUGRA) inspired benchmarks embedded in a
type-I seesaw.
As we will show in this work, if the seesaw is indeed the source of both neutrino masses and
leptonic mixings and accounts for low-energy LFV observables within future sensitivity reach,
interesting slepton phenomena are expected to be observed at the LHC: in addition to the mass
splittings, the most striking effect will be the possible appearance of new edges in di-lepton mass
distributions. From the comparison of the predictions for the two sets of observables (high and
low energy) with the current experimental bounds and future sensitivities, one can either derive
information about the otherwise unreachable seesaw parameters, or disfavour the type-I SUSY
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seesaw as the unique source of LFV.
The paper is organised as follows. In Section 2 we discuss how lepton masses can be recon-
structed from observation at the LHC, describing the mechanisms for production, the favoured
decay chains and the kinematical observables. In Section 3 we define the model, providing a
brief overview on the implementation of a type-I seesaw in the constrained MSSM, as well as its
implications for low-energy LFV observables. We also comment on the possibility of generating
the observed BAU from leptogenesis, and how complying with present observation can constrain
the SUSY seesaw parameters. In Section 4 we study, both for the cMSSM and its type-I seesaw
extension, the impact of LFV at the LHC. Our results are presented in Section 5 where, after
briefly considering the cMSSM case, we study the different high- and low-energy observables in
the seesaw case. This will also allow to draw some conclusions on the viability of a type-I seesaw
as the underlying mechanism of LFV. Further discussion is presented in the concluding Section 6.
2 Slepton masses and invariant mass distributions at the LHC
In this work we are interested in the study of slepton mass differences to probe deviations from the
cMSSM, and possibly derive some information about the underlying theory of flavour violation in
the (s)lepton sector. We briefly outline in this section how slepton masses can be reconstructed
from observation at the LHC. We describe the mechanisms for production, the favoured decay
chains and finally the kinematical observables used to reconstruct the slepton masses and hence
their mass splittings.
We recall that the cMSSM is defined by its superpotential,
WMSSM = Uˆ c Y u Qˆ Hˆ2 + Dˆc Y l Qˆ Hˆ1 + Eˆc Y l Lˆ Hˆ1 + µ Hˆ1 Hˆ2 , (2.1)
and by the mSUGRA-inspired conditions imposed on the soft-breaking SUSY Lagrangian: uni-
versal gaugino masses (M1 = M2 = M3 = M1/2), universal scalar masses for Higgs bosons,
squarks and sleptons (mH1,H2 = mQ˜,U˜,D˜ = mL˜,E˜ = m0) and universal trilinear couplings (Au,d,l =
A0Y
u,d,l), the universality being imposed at some high energy scale, which we chose to be the
gauge coupling unification scale. The model is further defined by the ratio of the vacuum expec-
tation value of the Higgs fields, tan β = v2/v1 and sign(µ), leading to a total of 4 continuous and
one discrete parameter.
2.1 Slepton production at the LHC
If R-parity is preserved, SUSY particles are produced in pairs, and decay to the lightest SUSY
particle (LSP), which is stable. The usually complex decay cascades lead to signatures involving in
general multiple jets and/or missing transverse energy from the LSPs escaping the detector. Sev-
eral reconstruction methods have been proposed (see, e.g. [58–60] and references therein) allowing
to extract very precise combinations of masses and branching ratios from several experimental
measurements. In particular, the analysis of endpoints in kinematical distributions for specific
final states allows to determine fundamental parameters of the model, especially in the case of
simple SUSY realisations as the cMSSM. In favourable cases, where one expects to observe a large
number of events, and if the signal to background ratio is large, the cMSSM parameters are likely
to be measured with very good accuracy [61,62].
Provided the SUSY breaking scale is not too high, supersymmetric particles are expected to
be abundantly produced at the LHC, operating at a centre of mass (c.o.m.) energy
√
s = 7 TeV -
14 TeV. The production of coloured SUSY sparticles will dominantly occur from quark-antiquark
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annihilation and gluon-gluon fusion, and possibly also via (strong) quark-quark scattering and
quark-gluon fusion. QCD-singlet particles as sleptons can be directly produced via Drell-Yan
processes (s-channel Z- or γ-exchange) or arise from gaugino-like neutralino decays. However,
in the first case the associated production cross sections are in general small and detection is
compromised due to the large SM backgrounds. The second process is more favourable, since
neutralinos can be produced directly, or arise from cascade decays of squarks; if kinematically
allowed, squark decays lead to a large number of chains with intermediate slepton states (like for
instance q˜L → qL χ02 → qL ℓ˜ ℓ→ qL ℓ ℓ χ01).
At the LHC, squarks might be pair produced pp→ q˜q˜∗, q˜q˜ and single produced pp→ q˜g˜ [67].
Squarks can then decay to a χ0i q pair, while the gluino preferably decays to q˜Rq, t˜1t. Direct
neutralino production goes either through pure electroweak interactions (pp → χ02χ0i , χ02χ±i ) or
mixed EW-strong (pp→ χ02q˜iL,R, χ02g˜, with q˜ possibly decaying into χ02q).
Here we will distinguish between three primary production modes: “direct” neutralino pro-
duction (pp → χ02X), squark-decay (pp → q˜LY ) and gluino-gluino mode (g˜g˜). In the cMSSM
framework, the process pp → g˜g˜ is in general kinematically suppressed (mg˜ > mq˜). We also
consider separately the prospects for at least one- and exactly two-χ02 production.
2.2 Di-lepton invariant mass distributions
As extensively discussed in the literature, in scenarios where the χ02 is sufficiently heavy to decay
via a real (on-shell) slepton, the process χ02 → ℓ± ℓ∓ χ01 is greatly enhanced while providing a
very distinctive signal [58–60, 62]: same-flavour opposite-charged leptons with missing energy.
Moreover, the momentum of the leptons is expected to be easily reconstructed (accounting for
smearing effects in τ ’s), thus allowing to extract indirect information on the mass spectrum of the
involved sparticles.
As previously mentioned, the best approach to reconstruct the intermediate sparticle masses
in a decay chain is the construction of invariant kinematical quantities, which are comparatively
easy to measure (even in the presence of large amounts of missing energy). In particular, the
di-lepton invariant mass distribution presents kinematical edges (di-particle or tri-particle), which
allow to derive information on the mass of the exchanged sparticles.
In order to reduce the SM background, several cuts have to be applied in the reconstruction
of the events. It has been shown [59, 60] that one of those was having two isolated leptons with
large transverse momentum, pT > 10 GeV. We will therefore always require hard outgoing leptons
in our analysis. From the SUSY decay chain, q˜L → χ02 q → ℓ˜L,R ℓq → χ01ℓ ℓ q, one can construct
several invariant quantities [60,68]:
(i) 3 di-particle invariant masses
mmaxℓℓ = M(mχ0
2
,mℓ˜L,R ,mχ01) , (2.2)
mmaxℓnearq = M(mq˜L ,mχ0
2
,mℓ˜L,R) , (2.3)
mmaxℓfarq = M
′(mq˜L ,mχ0
2
,mχ0
1
,mℓ˜L,R) , (2.4)
where
M(x, y, z) = 1/y
√
(x2 − y2)(y2 − z2) , M ′(x, y, z, w) = 1/w
√
(x2 − y2)(w2 − z2) ,
and whose end-points have a common structure;
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(ii) tri-particle invariant mass
mmaxℓℓq = M(mq˜L ,mχ0
2
,mχ0
1
) . (2.5)
Here, we shall focus on di-lepton invariant mass distributions:
mℓℓ ≡
√
(pℓ′ + pℓ)
2 = m
(max)
ℓℓ cos
θ
2
, m
(max)
ℓℓ =
1
mℓ˜
√(
m2
χ0
2
−m2
ℓ˜
)(
m2
ℓ˜
−m2
χ0
1
)
, (2.6)
where π − θ is the angle between the two leptons in the slepton’s rest frame. In general terms,
the χ02 → χ01 ℓ′± ℓ∓ decay process occurs via: t- and u-channel with charged slepton exchange;
exchange of the lightest Higgs boson1, h; or via a Z boson.
Considering the complete decay process, i.e., via on-shell and off-shell intermediate states, the
di-lepton invariant mass distribution has “true” start- and end-points given by
mminℓℓ = mℓ′ +mℓ, m
max
ℓℓ = mχ0
2
−mχ0
1
, (2.7)
respectively. It can be easily verified that the mℓℓ end-point matches the on-shell end-point for a
slepton of mass mℓ˜ =
√
mχ0
2
mχ0
1
, in which case no decreasing event rate is expected to be observed
beyond mmaxℓℓ .
The invariant mass distributions can also be used to extract the mass splittings of the inter-
mediate sleptons by looking at distinctive two-edge distributions which are expected to emerge
whenever two different sleptons ℓ˜1,2 have sufficiently high rates for χ
0
2 → ℓ˜1,2 ℓ1 → χ01 ℓ2 ℓ1. In our
analysis we will study the di-muon and di-electron invariant mass distributions, looking for edges
that correspond to the exchanged selectron and smuon states, thus allowing to reconstruct the e˜L
and µ˜L masses (and in some cases, e˜R and µ˜R as well). Hard outgoing taus can decay hadronically
and can also be identified, however the background will be much larger in this case. Nevertheless,
we also address µ˜− τ˜ mass differences.
As we will discuss in detail in the following section, the mass differences of sleptons of the first
two generations are expected to be extremely small. However, if slepton universality is broken (e.g.
via diagonal, but non-universal soft-breaking slepton masses), or if lepton flavour is violated in
the (s)lepton sector, distinct two-edge distributions can be observable provided there is sufficient
resolution to be sensitive to a certain amount of mass splitting [69]. The kinematical edge is
expected to be measurable at LHC with a precision up to 0.1% [58–62]. The relative slepton mass
splittings, which are defined as
∆mℓ˜
mℓ˜
(ℓ˜i, ℓ˜j) =
|mℓ˜i −mℓ˜j |
< mℓ˜i,j >
, (2.8)
can then be inferred from the kinematical edges with a sensitivity of O(0.1%) [70] for e˜L − µ˜L
and O(1%) for µ˜L− τ˜2. Even if already impressive, the edge splitting can be further enhanced by
considering the so-called fractional shift of the kinematical edge in the di-lepton invariant mass
distribution:
∆mℓℓ
mℓℓ
=
∆mℓ˜
mℓ˜

 m2χ02m2χ01 −m4ℓ˜(
m2
χ0
2
−m2
ℓ˜
)(
m2
ℓ˜
−m2
χ0
1
)

 . (2.9)
Even though this will be discussed in greater detail in Section 5, it is clear from the above
discussion that certain conditions must be fulfilled in order to render feasible the study of slepton
1In mSUGRA scenarios the exchange of the heaviest CP-even (H) or of the CP-odd (A) Higgs bosons are off-shell
suppressed.
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mass splittings. Firstly, sleptons must be produced in non-negligible amounts: this translates into
having a not excessively heavy SUSY spectrum (to allow for abundant squark and χ02 production),
and in a neutralino-slepton hierarchy such that the decays of χ02 into real sleptons are kinematically
viable. As already noticed in [66], in the regions of the cMSSM where the latter decays are allowed,
the BR(χ02 → χ01ℓℓ) is in general enhanced when compared to the case of virtual intermediate
sleptons. Secondly, an efficient tagging/event selection requires “hard” - highly energetic - outgoing
leptons, implying the following requirement for the phase space: mχ0
2
−me˜L,µ˜L,τ˜2 ≥ 10 GeV. In
summary, the experimental study of slepton mass differences at the LHC will only be possible if
the specific realisation of the SUSY model meets the above requirements.
3 Lepton flavour violation in the SUSY seesaw
Extensions of the SM by heavy states such as fermionic singlets [19] or fermionic triplets [21] or
scalar triplets [20], allow to explain the smallness of the neutrino masses via seesaw-like mecha-
nisms. In these realisations, the violation of lepton flavour number can be easily accommodated in
the neutral lepton sector and parametrized by a leptonic mixing matrix. One may also have lep-
ton flavour violation in the charged sector through four-fermion dimension-six effective operators
(see for example [71], where several lepton violation processes were studied in the three differ-
ent seesaw types). In this study, we will consider a type-I seesaw (heavy fermionic singlets with
masses at a sufficiently high scale to have large enough Yukawa couplings: 1010 GeV−1015 GeV)
embedded in the framework of supersymmetric theories as a source of lepton flavour violation in
the charged lepton sector. Within the so-called SUSY seesaw, flavour violation in the neutrino
sector is transmitted to the charged leptons via radiative effects involving the neutrino Yukawa
couplings Y ν . Even under GUT scale universality conditions, the RGE-induced flavour violation
is sufficiently large to account for sizable rates of LFV observables such as radiative (ℓi → ℓjγ)
and three-body (ℓi → ℓjℓjℓk) decays, and µ − e conversion in nuclei. It may also account for po-
tentially large mass splittings for the slepton masses (in addition to the usual LR-mixing) and, in
the presence of complex Y ν , for CPV observables, such as T- and P-odd asymmetries in radiative
and three-body decays as well as contributions to the lepton electric dipole moments (EDMs).
Remarkably, having a unique source of flavour violation in the lepton sector implies that all the
above mentioned observables will be strongly related.
In this section, we briefly overview the implementation of a type-I seesaw in the constrained
MSSM, as well as its implications for low-energy LFV observables. We also comment on the
possibility of generating the observed baryon asymmetry of the Universe (BAU) from leptogenesis,
and how complying with present observation on the baryon asymmetry can constrain the SUSY
seesaw parameters. The impact of LFV for high-energy experiments, manifest in observables
such as slepton mass splittings or direct flavour violation in sparticle decays, will be discussed in
Section 4.
3.1 Type-I SUSY seesaw
We consider an extension of the MSSM to which three right-handed neutrino superfields are added.
Each supermultiplet Nˆ c contains the right-handed neutrinos νR and their superpartners ν˜R. The
SUSY type-I seesaw is defined by the superpotential W of the MSSM extended by two additional
terms involving Nˆ c. The leptonic part of W is then given by:
W lepton = Nˆ c Y ν Lˆ Hˆ2 + Eˆc Y l Lˆ Hˆ1 + 1
2
Nˆ cMN Nˆ
c . (3.1)
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The lepton Yukawa couplings Y l,ν and the Majorana massMN are 3×3 matrices in lepton flavour
space. Hereafter we will always assume, without loss of generality, that we are in a basis where
both Y l and MN are diagonal:
Y l = diag(Y e, Y µ, Y τ ) , MN = diag(MN1 ,MN2 ,MN3) . (3.2)
The slepton part of the soft-SUSY breaking Lagrangian is specified by
Vsleptonsoft = −Lslepton = m2L˜ l˜L l˜∗L + m2E˜ l˜R l˜∗R + m2ν˜R ν˜R ν˜∗R+
+
(
AlH1 l˜L l˜
∗
R + Aν H2 ν˜L ν˜
∗
R + Bν ν˜R ν˜R +H.c.
)
. (3.3)
Motivated by SUSY breaking schemes mediated by flavour-blind gravitational interactions (min-
imal supergravity inspired), we work within the framework of the constrained MSSM, where the
soft-SUSY breaking parameters are assumed to be universal at some high-energy scale MX , which
we choose to be the gauge coupling unification scale MGUT ∼ 1016 GeV. Thus, at MX , the
additional parameters in Lslepton also obey the following universality conditions:(
mL˜
)2
ij
=
(
mE˜
)2
ij
=
(
mν˜R
)2
ij
= m20 δij ,
(Al)ij = A0
(
Y l
)
ij
, (Aν)ij = A0 (Y
ν)ij , (3.4)
wherem0 and A0 are the universal scalar soft-breaking mass and trilinear coupling of the cMSSM,
and i, j denote lepton flavour indices (i, j = 1, 2, 3).
After electroweak symmetry breaking (EWSB), the Dirac mass terms for the charged leptons
and neutrinos are
ml = Y
l v1 , m
ν
D = Y
ν v2 , (3.5)
where vi are the vacuum expectation values (VEVs) of the neutral Higgs scalars, v1(2) = v cos(sin)β
with v = 174 GeV. Assuming Y l diagonal in flavour space, one has ml = diag(me,mµ,mτ ), while
the masses of the physical Majorana neutrinos are given by the eigenvalues of the 6× 6 neutrino
mass matrix,
Mν =
(
0 mνD
T
mνD MN
)
. (3.6)
In the seesaw limit (i.e. MNi ≫ v), and at lowest order in the (mνD/MN )n expansion, the above
matrix can be block-diagonalized, leading to the usual seesaw equation for the light neutrino mass
matrix,
mν = −mνDTM−1N mνD , (3.7)
while the masses of the heavy eigenstates are simply given by MNi .
The light neutrino mass matrix mν is diagonalized by the Maki-Nakagawa-Sakata unitary
matrix UMNS [72],
mdiagν = U
MNST mν U
MNS = diag (mν1 ,mν2 ,mν3) , (3.8)
where under the standard parametrization UMNS is given by
UMNS =

 c12 c13 s12 c13 s13 e−iδ−s12 c23 − c12 s23 s13 eiδ c12 c23 − s12 s23 s13 eiδ s23 c13
s12 s23 − c12 c23 s13 eiδ −c12 s23 − s12 c23 s13 eiδ c23 c13

 . V , (3.9)
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with
V = diag (e−i
ϕ1
2 , e−i
ϕ2
2 , 1) , (3.10)
and cij ≡ cos θij, sij ≡ sin θij. θij are the leptonic mixing angles, δ is the Dirac CPV phase and
ϕ1,2 the Majorana CPV phases.
Current (best-fit) analyses of the low-energy neutrino data favour the following intervals for
the mixing angles [26]
θ12 = (34.4 ± 1.0)◦, θ23 = (42.8+4.7−2.9)◦, θ13 = (5.6+3.0−2.7)◦ (≤ 12.5◦), (3.11)
while for the mass-squared differences one has
∆m221 = (7.6 ± 0.2) × 10−5 eV2 , ∆m231 =
{
(−2.36 ± 0.11) × 10−3 eV2
(+2.46 ± 0.12) × 10−3 eV2 , (3.12)
where the two ranges for ∆m231 correspond to normal and inverted neutrino spectrum.
A convenient means of parametrizing the neutrino Yukawa couplings, while at the same time
allowing to accommodate the experimental data, is given by the Casas-Ibarra parametrization [32],
which reads at the seesaw scale MN
Y νv2 = m
ν
D = i
√
MdiagN R
√
mdiagν U
MNS† . (3.13)
In the above R is a complex orthogonal 3× 3 matrix that encodes the possible mixings involving
the right-handed neutrinos, in addition to those of the low-energy sector (i.e. UMNS). R can be
parametrized in terms of three complex angles θi (i = 1, 2, 3) as
R =

 c2 c3 −c1 s3 − s1 s2 c3 s1 s3 − c1 s2 c3c2 s3 c1 c3 − s1 s2 s3 −s1 c3 − c1 s2 s3
s2 s1 c2 c1 c2

 , (3.14)
with ci ≡ cos θi, si ≡ sin θi. Before advancing, it is worth commenting that out of the 18
parameters involved in the seesaw (as readily verified from either side of Eq. (3.13)), in practice
only the degrees of freedom related to the light neutrinos (masses, leptonic mixings angles, and
potentially 2 of the 3 CPV phases) can be effectively reconstructed from low-energy data and
cosmological observations. Unless the seesaw scale is very low, in which case Y ν is very small,
this implies that the dynamics of the right-handed neutrino sector is unreachable, and may only
be indirectly probed.
3.2 Radiative LFV in the slepton sector
In the presence of mixings in the lepton sector, Y ν is clearly non-diagonal in flavour space. At
the seesaw scale Y ν satisfies Eq. (3.13), and the running from MX down to the seesaw scale will
induce flavour mixing in the otherwise (approximately) flavour conserving SUSY breaking terms.
The low-energy parameters are obtained by solving the full set of renormalisation group equations
(RGEs), which include additional terms and equations due to the extended neutrino and sneutrino
sectors. In our work, the running is carried in several steps: the full set of equations is first run
down from MX to the seesaw scales; below the seesaw threshold, after the right-handed neutrinos
(and sneutrinos) decouple, the new RGEs are then run down to EW scale, where the low-energy
mass matrices and couplings are finally computed.
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Due to the mixing induced by the RGE running in the slepton mass matrices, at low energies,
the charged slepton squared mass matrix, M2
l˜
, can be decomposed in four blocks (LL, RR, LR
and RL) whose elements are given by (see, e.g. [73])
M ij 2LL = m
2
L˜,ij
+ v21
(
Y l
†
Y l
)
ij
+ M2Z cos 2β
(
−1
2
+ sin2 θW
)
δij ,
M ij 2RR = m
2
E˜,ij
+ v21
(
Y l Y l
†
)
ij
− M2Z cos 2β sin2 θW δij ,
M ij 2LR = v1
(
Al
†
)
ij
− v2 µY l†ij ,
M ij 2RL =
(
M ji 2LR
)∗
, (3.15)
where MZ is the Z-boson mass and θW the weak mixing angle. The low-energy sneutrino mass
eigenstates are dominated by the ν˜L components [74] (the right-handed sneutrinos having decou-
pled at the seesaw scale), and are described by the following mass matrix:
(M2ν˜ )ij = m
2
L˜,ij
+
1
2
M2Z cos 2β δij . (3.16)
Although in the numerical studies of Section 5 a full 2-loop RGE evaluation is conducted,
a useful analytical estimation of the amount of flavour violation induced from RGE running on
the slepton mixing matrices can be obtained using the leading logarithmic approximation (LLog).
At leading order, one has the following radiative corrections to the soft slepton mass matrices
entering in Eqs. (3.15, 3.16):
(m2
L˜
)ij =
(
m20 + 0.5M
2
1/2 −m20 |y| (Y l)2ij
)
δij + (∆m
2
L˜
)ij ,
(m2
E˜
)ij =
(
m20 + 0.15M
2
1/2 − 2 m20 |y| (Y l)2ij
)
δij + (∆m
2
E˜
)ij , (3.17)
with
|y| ≈ 1
8π2
(
3 +
A20
m20
)
log(
MX
mSUSY
) (3.18)
where mSUSY represents a generic (average) SUSY mass, and where the terms ∆m
2 and also the
correction to the trilinear coupling, ∆Al, are only present for non-vanishing neutrino Yukawa
couplings:
(∆m2
L˜
)ij = − 1
8π2
(3m20 +A
2
0) (Y
ν† LY ν)ij ,
(∆Al)ij = − 3
16π2
A0 Y
l
ij (Y
ν† LY ν)ij ,
(∆m2
E˜
)ij = 0 ; Lkl ≡ log
(
MX
MNk
)
δkl . (3.19)
These terms can give rise to flavour mixing in the slepton mass matrix, originated by the running
from MX to the right-handed threshold MN . The amount of flavour violation is encoded in the
matrix elements (Y ν†LY ν)ij of Eq. (3.19), which can be related to high- and low-energy neutrino
parameters using Eq. (3.13).
As can be seen from the above equations, the RGE corrections have an impact regarding both
flavour non-universality and flavour violation in the charged slepton sector: (i) the charged lepton
Yukawa couplings (in particular Y τ ) induce flavour non-universality, i.e. a splitting between the
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soft masses of the third and the first two slepton generations (the latter remaining approximately
degenerate); (ii) the neutrino Yukawa couplings contribute to both flavour non-universality and
flavour violating effects. Due to the underlying seesaw mechanism, the Y ν can be sizable (even
O(1)), so that the associated RGE corrections can be important. From the previous equations it
is also manifest that LR mixing is only significant for the third generation (τ).
The physical masses and states are obtained by diagonalizing the previous mass matrices,
leading to
M2
l˜
diag
= Rl˜M2
l˜
Rl˜ † = diag (m2
l˜1
, ..,m2
l˜6
) ,
M2ν˜
diag
= Rν˜M2ν˜ R
ν˜ † = diag (m2ν˜1 , m
2
ν˜2 , m
2
ν˜3) , (3.20)
where Rl˜ and Rν˜ are unitary (6× 6 and 3× 3, respectively) rotation matrices.
3.3 Low energy LFV observables
The exact formulae for the branching ratios of the radiative and three-body LFV lepton decays
can be found in [2], and are incorporated in the SPheno code [75] used for the numerical analysis.
Radiative decays ℓi → ℓjγ receive contributions from sneutrino-chargino and slepton-neutralino
loop. However, a simple and illustrative expression can be obtained using the LLog approximation:
since the dominant contribution to the transitions stems from the RGE induced flavour violating
entry (∆m2
L˜
)ij, one has
BR(ℓi → ℓj γ)
BR(ℓi → ℓj νi ν¯j) =
α3 tan2 β
G2F m
8
SUSY
∣∣∣∣ 18π2 (3m20 +A20)
(
Y ν† LY ν
)
ij
∣∣∣∣
2
, (3.21)
where GF is the Fermi constant, α the electromagnetic coupling constant.
The full computation of the three-body decays ℓi → 3ℓj includes photon-, Z- and Higgs-
penguins as well as box diagrams. Since the dominant contribution is found to originate from
the photon-penguin diagrams as occurs in the case of the radiative decays [38,42], the BR for the
ℓi → 3 ℓj decay can be approximately related to that of the radiative decay as follows:
BR(ℓi → 3ℓj) = α
3π
(
log
m2li
m2lj
− 11
4
)
× BR(ℓi → ℓj γ) . (3.22)
From Eqs. (3.21, 3.22) it is straightforward to derive the dependence of the observables on the
relevant SUSY parameters. The impact of the seesaw parameters (right-handed neutrino masses,
light neutrino mass hierarchy, R-matrix angles and θ13) on the BRs has been studied in [46], and
can be analytically understood from explicitly writing (Y ν† LYν)ij , using Eq. (3.13).
Equally interesting LFV observables are µ− e conversions in heavy nuclei such as aluminium,
gold or titanium (for detailed discussions see, e.g. [76]). In the limit of photon-penguin domi-
nance, the conversion rate CR(µ − e) in nuclei and BR(µ → eγ) are strongly correlated, since
both observables are sensitive to the same leptonic mixing parameters [48]. Typically, the SUSY
seesaw predictions regarding the conversion rates are smaller than BR(µ→ eγ) by approximately
two orders of magnitude (the actual factor depending on the mSUGRA parameters and on the
properties of the muonic nucleus) [44]. However, and although significant improvements are ex-
pected regarding the experimental sensitivity to µ → eγ (< 10−13 [12]), the most challenging
experimental prospects arise for the CR(µ − e) in heavy nuclei such as titanium or gold. The
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possibility of lowering the sensitivities to values as low as ∼ 10−18 renders this observable an
extremely powerful probe of LFV in the muon-electron sector.
We summarise in Table 1 the current bounds on the above discussed LFV observables, as well
as the future sensitivity of dedicated experimental facilities.
LFV process Present bound Future sensitivity
BR(µ→ eγ) 1.2× 10−11 [77] 10−13 [12]
BR(τ → eγ) 1.1× 10−7 [4] 10−9 [11]
BR(τ → µγ) 4.5× 10−8 [15] 10−9 [11]
BR(µ→ 3e) 1.0× 10−12 [77]
BR(τ → 3e) 3.6× 10−8 [77] 2× 10−10 [11]
BR(τ → 3µ) 3.2× 10−8 [77] 2× 10−10 [11]
CR(µ− e, Ti) 4.3× 10−12 [77] O(10−16) (O(10−18)) [78] ( [79])
CR(µ− e, Au) 7× 10−13 [77]
CR(µ− e, Al) O(10−16) [79]
Table 1: Present bounds and future sensitivities for several LFV observables discussed in the text.
3.3.1 Lepton electric dipole moments
The bounds on the LFV BRs mostly constrain the source of mixing (i.e. off-diagonal elements)
while the bounds on the lepton EDMs constrain the flavour-conserving CP-violating phases. Notice
that CP violation in the lepton sector is also a consequence of the seesaw. Both low and high-
energy CPV phases will give rise to complex soft breaking terms, potentially contributing to
charged lepton EDMs. The present upper bound on the electron (muon) EDM is 1.4 × 10−27
(7.1 × 10−19) e cm [77] while the future experiments are expected to reach a sensitivity of 10−31
e cm for the electron EDM [80] and 10−24 e cm for the muon EDM [81].
3.4 Implications of the SUSY seesaw for thermal leptogenesis
As mentioned in the Introduction, in addition to explaining the smallness of neutrino masses,
the seesaw can also provide an interesting explanation to the observed baryon asymmetry of the
Universe. The minimal thermal leptogenesis scenario [82] (for a recent review, see [83]) is based
on the type-I seesaw mechanism, consisting of the SM extended by 2 or 3 right-handed (RH)
Majorana neutrinos with hierarchical masses, which can be easily generalized to supersymmetric
extensions of the SM. In these scenarios, the lightest RH neutrinoN1, produced in the thermal bath
after inflation by inverse decays and scatterings, decays through out-of-equilibrium processes that
violate lepton number, C and CP symmetries. These processes induce a dynamical production of
a lepton asymmetry, which can be later converted into a BAU through (B+L)-violating sphaleron
interactions. In supersymmetric scenarios, the constraint from the reheating temperature TRH
(arising from the so-called gravitino problem [84]) already sets an upper bound on the mass of
the lightest RH neutrino. Assuming an optimal washout (efficiency) and a successful BAU leads
in turn to the following interval (lower bound) on MN1 , MN1 ≃ 109 GeV − 1010 GeV [85].
In order to ensure that CP is indeed violated (via interference between loop and tree level
decays), the neutrino Yukawa couplings have to be complex and CP violation is encoded in the
R and UMNS matrices (Y ν = iv2
√
MdiagN R
√
mdiagν UMNS
†
). It has been recently shown that a
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correct formulation of the lepton asymmetry should be done considering each flavour separately
(the number of distinguishable lepton flavours depending on the energies at which leptogenesis
occurs) [86–88]. Having flavours play an important roˆle in leptogenesis also means that both low-
and high-energy CPV phases contribute to the CP asymmetry; however, the flavoured BAU can
be accounted for exclusively with R phases (for any value of θ13, δ, ϕ1, ϕ2) [85, 89] - in other
words even if the UMNS phases are measured, the BAU can have any value.
Of course one cannot use a successful leptogenesis requirement to derive constraints on the CP
violating sources, since leptogenesis is not an observable (contrarily to EDMs and LFV widths).
However, one can have an idea about the range of variation of the complex angles θi of the R
matrix that succeed in accounting for a viable (flavoured) leptogenesis (see for instance [85], where
it has been shown that although all the three complex angles enter the flavoured CP-asymmetry,
the roˆle of θ1 is indirect, manifest via increasing (decreasing) the θ2−θ3 parameter space associated
with a BAU compatible with current observation).
The interplay of LFV (and EDMs) and leptogenesis in constraining a type-I SUSY seesaw has
been addressed, for instance, in [89–93].
Although in the numerical analysis of Section 5 we will conduct general surveys of the seesaw
parameter space, we will also consider the following leptogenesis inspired ranges for the R matrix
complex angles: Re(θ2),Re(θ3) ∈ [−π/4, 0[∪]0,+π/4] (for example). Complying with the (severe)
reheating temperature constraint suggests that the arguments of the latter complex angles should
have modulus in the range [π/16, π/4]. This corresponds to a conservative choice of volume in the
θ2−θ3 parameter space.
4 LFV at the LHC: slepton mass splittings and flavour violating
χ02 decays
As mentioned in Section 2, the different experiments at the LHC have the potential to measure
with high precision the kinematical edges of the di-lepton invariant mass spectrum, so that one
can potentially study the slepton mass differences. In what follows we discuss the different sources
of slepton mass splittings, and also derive, for some simple limiting cases, approximate relations
for
∆m
ℓ˜
m
ℓ˜
(ℓ˜i, ℓ˜j).
4.1 Charged slepton mass differences in the type-I SUSY seesaw
Within the cMSSM, and in the absence of flavour mixing angles, there are only two sources of
non-universality for the masses of left- and right-handed sleptons: (i) RGE effects proportional to
(Y l)2ij (see Eqs. (3.17)); (ii) LR mixing effects, also proportional to the lepton masses (m
l
i tan β).
The mass difference of the first generations of sleptons is thus extremely small: neglecting RGE
corrections, and considering only LR mixing for the smuons, the mass splitting between the left-
handed selectron and the heaviest smuon is approximately given by
∆mℓ˜
mℓ˜
(e˜L, µ˜L) ≈
m2µ
2m2
ℓ˜
∣∣∣∣∣ (A0 − µ tan β)
2
0.35 M21/2 +M
2
Z cos 2β(−1/2 + 2 sin2 θW )
∣∣∣∣∣ , (4.1)
where mℓ˜ denotes an averaged slepton mass, in this case mℓ˜ ≈ 1/2(|m2L˜)11 |1/2+ |(m2L˜)22 |1/2). The
cMSSM mass differences between the first two families are thus extremely small implying that, to
a large extent, the left- and right-handed selectrons and smuons are nearly degenerate, the mass
splitting typically lying at the per mille level.
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For the stau sector, LR mixing effects and loop contributions are more important and to a very
good approximation, the mass difference of the heaviest (mostly left-handed) stau and left-handed
smuon is related to that of e˜L − µ˜L as
∆mℓ˜
mℓ˜
(e˜L, µ˜L) ≈
m2µ
m2τ
∆mℓ˜
mℓ˜
(µ˜L, τ˜2) . (4.2)
When mixings are present in the lepton sector, flavour violation also occurs in the slepton
sector. The radiative corrections introduced by the neutrino Yukawa couplings induce both flavour
conserving and flavour violating contributions to the slepton soft masses: in addition to generating
LFV effects, the new terms proportional to Y ν will also break the approximate universality of
the first two generations. An augmented mixing between e˜, µ˜ and τ˜ translates into larger mass
splittings for the mass eigenstates. In particular, as noticed in [66], large mixings involving the
third generation can lead to sizable values of the mass splitting between slepton mass eigenstates,
while avoiding the stringent BR(µ→ eγ) constraint.
In the presence of seesaw-induced contributions to the distinct (∆m2
L˜
)ij and (∆Al)ij , see
Eqs. (3.19), an analytical approach to the problem becomes extremely complicated. Even neglect-
ing LR mixings for the two first generations, a numerical diagonalization is required to obtain the
different mass eigenstates, as given in Eqs. (3.20). However, one can consider interesting limiting
cases that provide useful information (and also help in understanding the numerical analysis of
Section 5). Disentangling LR- from RGE-induced mixings, one then has for the mass difference
ℓ˜i − ℓ˜j
∆mℓ˜
mℓ˜
(ℓ˜i, ℓ˜j) ≈ 1
2m2
ℓ˜
∣∣∣∣∣ m
2
i (A0 − µ tan β)2
0.35M2
1/2
+M2Z cos 2β(−1/2 + 2 sin2 θW ) + (∆m2L˜)ii
± 2 |(∆m2
L˜
)ij |
∣∣∣∣∣ , (4.3)
where mi denotes the mass of the heaviest lepton and where we have again neglected the RGE
contributions proportional to the charged lepton Yukawa coupling.
If the seesaw scale is sufficiently high, large values of the neutrino Yukawa couplings are pos-
sible, and hence large off-diagonal entries can be generated. Assuming that a particular (∆m2
L˜
)ij
constitutes the dominant source of LFV, one can approximate Eq. (4.3) as
∆mℓ˜
mℓ˜
(ℓ˜i, ℓ˜j) ≈
∣∣∣∣∣
(∆m2
L˜
)ij
(m2
L˜
)
∣∣∣∣∣ . (4.4)
In particular, large flavour violating entries involving the second and third generation can be easily
induced. In this case, and further assuming that the stau mass eigenstates are strongly dominated
by either the left- or the right-handed state, the diagonalization of the µ˜L− τ˜2 mixing matrix (for
non-vanishing (∆m2
L˜
)23) leads to the following approximate relation
∆mℓ˜
mℓ˜
(µ˜L, τ˜2) ≈
∣∣∣∣∣
(∆m2
L˜
)23
(m2
L˜
)33
∣∣∣∣∣ , (4.5)
where the quantities on the right-hand side can be found in Eqs. (3.17- 3.19), and where we have
also neglected cMSSM-like mass differences ∼ O((m2
L˜
)22 − (m2L˜)33). Rewriting the left-handed
smuon mass in terms of the above mass splitting further allows to relate the e˜L − µ˜L and the
µ˜L − τ˜2 mass differences in the R = 1 seesaw limit
∆mℓ˜
mℓ˜
(e˜L, µ˜L) ≈ 1
2
∆mℓ˜
mℓ˜
(µ˜L, τ˜2) . (4.6)
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Although one can derive approximate relations that translate the dependence of the mass
splittings on the mSUGRA parameters, it is important to stress that the conditions to ensure that
the slepton masses can indeed be reconstructed (see Section 2) imply that mSUGRA parameters
cannot be independently varied. Under the approximations above referred, one can nevertheless
obtain a simple illustrative expression for the mass splittings, which we write below for the case
of µ˜L − τ˜2
∆mℓ˜
mℓ˜
(µ˜L, τ˜2) ≈ 1
8π2
L33MN3
v2 sin2 β
3m20 +A
2
0
m20 + 0.5M
2
1/2
∣∣∣∣∣∣
∑
ij
UMNS2i U
MNS
3j
∗
R∗3iR3j
√
mνimνj
∣∣∣∣∣∣ . (4.7)
In the above equation, we have considered a strongly hierarchical right-handed neutrino spectrum,
only keeping the contribution associated with the heaviest state N3.
It is also interesting to investigate the relation between two flavour violating observables
strongly affected by the same LFV entry. For instance, let us again consider µ˜L − τ˜2 mass
splittings and the BR(τ → µγ). Comparing the previous expression with Eq. (3.21), one has, in
the limit where θ13 ≈ 0 and R = 1,
BR(τ → µγ)
BR(τ → µ ντ ν¯µ) ≈
α3
16π2G2F
m20 + 0.5M
2
1/2
v2 cos2 βm8SUSY
(
3m20 +A
2
0
)
L33MN3 mν3 sin 2θ23×
∆mℓ˜
mℓ˜
(µ˜L, τ˜2) .
(4.8)
Finally, it is important to stress that depending on the amount of flavour violation, a type-
I SUSY seesaw can lead to scenarios where two non-degenerate mass eigenstates have almost
identical flavour content (maximal flavour mixing). As an example, one can have mass eigenstates
whose composition is approximately given by
ℓ˜i,j ∼ (
√
2/2 + ε) µ˜L ± (
√
2/2− ε) τ˜L + ετ˜R ,
where ε (ε ≪ 1) accounts for the LR mixing. To correctly interpret a mass splitting between
sleptons with quasi-degenerate flavour content (QDFC), one has to introduce an “effective” mass
m
(eff)
i ≡
∑
X=τ˜2 ,µ˜L ,e˜L
ml˜X
(
|Rl˜XiL |2 + |Rl˜XiR |2
)
, (4.9)
which in turn provides the notion of “effective” mass splitting,
(
∆m
m
)(eff)
(l˜i, l˜j) ≡
2 |m(eff)i −m(eff)j |
m
(eff)
i +m
(eff)
j
. (4.10)
For mass splittings involving QDFC and non-QDFC sleptons, one should then use the “effective”
mass splittings, cf. Eq. (4.10); in the case where mass splittings involving two QDFC sleptons or
two non-QDFC sleptons, the real mass splitting (see e.g. Eq. (4.3)) can be employed.
4.2 Di-lepton invariant masses from flavour violating χ02 decays
In the cMSSM, the decays of the χ02 into a di-lepton final state χ
0
2 → ℓ±i ℓ∓i χ01 are flavour con-
serving, implying that if measurable, the kinematical edges of a di-lepton mass distribution, mℓiℓi
necessarily lead to the reconstruction of intermediate sleptons of the same flavour, ℓ˜iL,R.
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SUSY models violating strict lepton flavour symmetry may leave distinct imprints on the di-
lepton mass distribution, depending on whether the soft-breaking slepton terms are non-universal
(but flavour conserving) or truly flavour-violating. In the first case, the most significant effect
will be a visible displacement of the kinematical edges in each of the di-lepton distributions: for
instance, the edge corresponding to e˜L in mee will not appear at the same values as that of µ˜L in
mµµ, thus implying that me˜L 6= mµ˜L .
The second case will lead to far richer imprints: as discussed in the previous subsection,
flavour violation has the potential to induce significant mass differences for the sleptons, so that
one should again observe a relative displacement of the ℓ˜X in the correspondingmℓiℓi distributions.
Nevertheless, the most striking effect is the appearance of new edges in a given di-lepton mass
distribution: provided there is a large flavour mixing in the mass eigenstates (and that all the
decays are kinematically viable), one can have
χ02 →


ℓ˜iL ℓi
ℓ˜iR ℓi
ℓ˜jX ℓi

→ χ01 ℓi ℓi (4.11)
so that in addition to the two ℓ˜iL,R edges, a new one would appear due to the exchange of ℓ˜
j
X .
5 Numerical results and discussion
We start our analysis by first considering the cMSSM parameter space, looking for regions where
one can fulfil the necessary conditions to have reasonably large BRs for the decay χ02 → χ01ℓℓ, with
sufficiently hard outgoing leptons. After identifying some representative (benchmark) points, we
analyse the prospects for the LHC (production cross sections and decay rates). The second part
of our analysis will be devoted to slepton mass splittings and flavour violation in the type-I SUSY
seesaw: we briefly discuss the cMSSM case and then study the different high- and low-energy
observables in the seesaw case. This will also allow to draw some conclusions on the viability of
a type-I SUSY seesaw as the underlying mechanism of LFV.
For the numerical computation, we have used the public code SPheno (v3.beta.47) [75] to
carry out the numerical integration of the RGEs of the cMSSM (extended by three right-handed
neutrino superfields). With the exception of light neutrino data (masses and mixing angles) which
is set as a low-energy input, all the parameters of the model are defined at the GUT scale. The
low-energy parameters are then computed by running first the full set of RGEs to the seesaw scale,
where the boundary conditions of Eq. (3.13) are imposed, and at which the heavy RH neutrinos
decouple at their corresponding thresholds. We notice that we do not take into account separate
thresholds for right-handed neutrinos and sneutrinos, and that we also neglect Bν - see Eq. (3.3) -
which is valid, provided that one considers Bν ≪MN . Below MN1 , the cMSSM RGEs are run to
the EW scale, at which the low-energy Lagrangian (masses 2 and couplings) is determined and the
different observables (such as the LFV BRs and CR [42], as well as lepton EDMs) are computed.
The dark matter relic density is evaluated using a link to micrOMEGAs v2.2 [94].
The production cross sections at LHC operating at c.o.m. energy of 7 TeV and 14 TeV have
been computed using Prospino2.1 [95]. To obtain the di-lepton invariant mass distributions
2We notice that SPheno uses the DR scheme. Also, 2-loop RGEs are used for the running of the slepton masses,
while the actual pole masses are calculated at the one-loop level, with all running parameters set at the SUSY scale.
We have also verified that self-energies (and associated uncertainties) provide a negligible source of slepton mass
splittings.
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dΓ
dmij
(χ02 → χ01 ℓi ℓj), we have used Cuba’s Divonne algorithm [96] to integrate numerically over
the ℓ−χ0 angle in the c.o.m. frame of the two leptons.
In what concerns the experimental constraints applied to the Higgs boson and sparticle spec-
trum, we have imposed that all SUSY particles comply with LEP and Tevatron bounds [77].
Throughout the analysis, and except if otherwise stated, we will always be imposing the bound
for a SM-like Higgs boson to the lightest scalar: mh & 114 GeV [97]. Finally, the LSP relic
density is required to lie within a 3σ interval (extrapolated from WMAP 7-year data taking [18],
and assuming a gaussian distribution):
0.0941 . Ωh2 . 0.1277 . (5.1)
5.1 Di-lepton final states: neutralino production and cascade decays in the
cMSSM
We begin by studying the cMSSM (without implementing a type-I seesaw), looking for regions in
the mSUGRA parameter space where the requirements of a “standard window” can be met:
(i) the spectrum is such that the decay chain χ02 → ℓ˜ℓ→ χ01ℓℓ, with intermediate real sleptons,
is allowed;
(ii) it is possible to have sufficiently hard outgoing leptons: mχ0
2
−mℓ˜L,τ˜2 > 10 GeV.
Notice that the above requirements automatically ensure that the sparticle spectrum complies with
current experimental bounds. Once these regions are identified, we then impose the requirements
of a correct relic density, cf. Eq. (5.1). Naturally, in order to maximise the prospects for observing
the above processes at the LHC, the SUSY spectrum should not be excessively heavy (as to have
a sufficiently large production cross section) and the BRs of the χ02 decay into slepton-lepton
pairs (neutral or charged) also have be large (as to render these decays observable). Here we
will systematically consider two centre of mass energies for the LHC,
√
s = 7 TeV and 14 TeV
(correspondingly, we consider either L = 1 fb−1 or 100 fb−1 for the integrated luminosity [98]).
Before starting the discussion, we remark that throughout the analysis, and except if otherwise
stated, we will always denote the flavour corresponding to an electron or a muon by ℓ to distinguish
it from the τ flavour (except in inset figure labels).
In Fig. 1 we present them0−M1/2 parameter space, for µ > 0 3 and two combinations of A0 and
tan β. On the left we take A0 = −1 TeV and tan β = 10, while on the right A0 = 0 and tan β = 40.
All the points presented are in agreement with current LEP and Tevatron constraints [77] on the
sparticle and Higgs boson spectra, and the region where the LSP relic density is in agreement
with WMAP observations (within a 3σ interval, Eq. (5.1)) is denoted by a black band across the
parameter space. The excluded (shaded) areas correspond to a charged LSP and to kinematically
disfavoured regimes, while the white region in the centre corresponds to the requirements of a
“standard window”. We superimpose the contour lines for BR(χ02 → χ01ℓℓ) and BR(χ02 → χ01ττ).
Approximately horizontal lines denote different values of the production cross section of (at least)
one χ02.
The left panel of Fig. 1 corresponds to a scenario of a relatively light SUSY spectrum (with
slepton masses between 110 GeV and 730 GeV, and 230 GeV . mχ0
2
. 805 GeV). The region
compatible with the “standard window” constraints is quite large, and the correct LSP relic
density can be easily obtained (the dominant channel being χ01 − τ˜1 co-annihilation). Having a
3Throughout the numerical analysis we will always be considering positive values of µ.
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Figure 1: m0 −M1/2 plane (in GeV), for A0 = −1 TeV and tan β = 10 (left); the same but with
A0 = 0 and tan β = 40 (right). In both figures, the shaded region on the left is excluded due to
the presence of a charged LSP. The full black region corresponds to a WMAP compatible χ01 relic
density. Likewise, on the dashed region on the bottom, the spectrum does not fulfil the kinematical
requirements described in the text: the solid regions correspond to having mχ0
2
< mℓ˜L + 10 GeV
(cyan), mχ0
2
< mτ˜2 + 10 GeV (blue), mχ0
2
< mℓ˜L,τ2 (dashed blue), and mχ02 < mτ˜1 + mτ (blue
crosses). The centre (white) region denotes the parameter space obeying the “standard window”
constraints. The dotted and dashed lines respectively denote isosurfaces for BR(χ02 → χ01ℓℓ) and
BR(χ02 → χ01ττ). Full red lines denote the contours of χ02 production cross sections. Superimposed
crosses (pink) correspond to benchmark points P3 and P4 (see Table 2).
light neutralino spectrum further implies that the production cross section of at least one χ02 at
the LHC (with
√
s = 14 TeV, via direct and indirect processes - see Section 2) is expected to be
0.01 pb . σ(pp→ χ02) . 1 pb. In the “standard window”, the probability of having opposite-sign
di-leptons in the final state ranges between 11% and 30% for ττ , and between 10% and 15% for
ℓℓ (i.e. ee, µµ) final states. It is worth noticing that larger values of BR(χ02 → χ01ττ) could be
found for smaller M1/2, since χ
0
2 → χ01τ˜1 → χ01ττ becomes one of the few kinematically opened
decay channels due to heavier LH sleptons. Nevertheless, no edges would be observable in this
regime. Although the processes χ02 → χ01ℓℓ and χ02 → χ01ττ are mostly dominated by the exchange
of intermediate left- and right-handed real sleptons, there are other channels leading to the same
final states, e.g. via the direct decay of the χ02 into an LSP and the lightest Higgs boson or the Z.
Throughout the experimentally viablem0−M1/2 parameter space, the BR(χ02 → χ01Z → χ01ττ(ℓℓ))
never exceeds the level of 0.03%, while the BR(χ02 → χ01h) is at most O(12%) inside the “standard
window”, growing to 25% when softer outgoing leptons are allowed (solid blue bands). In turn,
this induces a contribution to BR(χ02 → χ01ττ) ranging from 1.3% to 3%.
On the right panel of Fig. 1, we illustrate the parameter space for larger values of tan β (and
a heavier spectrum). Having a substantially heavier gaugino and squark spectra when compared
to that of the sleptons implies that the available phase space for χ02 decays is much enlarged
so that one can have sizable BR(χ02 → χ01ττ). However, the region strictly corresponding to the
requirements of a “standard window” is somehow smaller, despite having the increased LR mixing
compensated by heavier gauginos. As in the case of lower tan β, intermediate h and Z states only
marginally contribute to the final BRs. Finally, as expected from the significantly heavier SUSY
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spectrum, the production of at least one χ02 at the LHC has a cross section that now varies between
5× 10−4 pb and 0.01 pb.
From Fig. 1, we extract two points in mSUGRA parameter space that we will use in the
analysis of the slepton mass splittings (especially when studying the SUSY seesaw). Thus, points
P3 and P4 (superimposed on the left and right panels, respectively) are points which in addition
to complying with observational and experimental constraints, and being inside the corresponding
“standard window”, also have sizable BR(χ02 → χ01ℓℓ) and BR(χ02 → χ01ττ).
Other analyses of different regimes in mSUGRA parameter space have led us to identify two
additional points P1 and P2 (with A0 = 0 and 1 TeV, respectively), whose features complement
points P3 and P4. To these points we further add two LHC benchmark points: P5-HM1 (from
CMS [61]) and P6-SU1 4 (from ATLAS [62]). This allows to establish a connection with the
already conducted simulations and to study the flavour prospects at high energy. The most im-
portant features of these six points (mSUGRA parameters, spectra, production cross sections and
BRs) are summarised in Tables 2-6.
Point m0 (GeV) M1/2 (GeV) A0 (TeV) tan β
P1 110 528 0 10
P2 110 471 1 10
P3 137 435 -1 10
P4 490 1161 0 40
P5-HM1 [61] 180 850 0 10
P6-SU1 [62] 70 350 0 10
Table 2: mSUGRA benchmark points selected for the LFV analysis: m0, M1/2 (in GeV) and A0
(in TeV), as well as tan β. For all points we take µ > 0. Points P5-HM1 and P6-SU1 are LHC
CMS- and ATLAS-proposed benchmark points.
After summarising the mSUGRA coordinates of each point in Table 2, we present part of
the corresponding SUSY spectrum on Table 3. Among the six points we find distinct hierarchies
for the slepton sector, which will have an impact regarding the di-lepton mass distributions: (a)
mτ˜2 & mℓ˜L ; (b) mℓ˜L & mτ˜2 . For instance, points P1 and P6-SU1 are examples of (a) while all
the others fall in (b). The hierarchy in the right-handed sleptons is always mℓ˜R & mτ˜1 , the stau
being the NLSP. A common feature to all these proposed points (and an indirect consequence
of the “standard window”) is that the correct relic density of the LSP is always obtained from
τ˜1−χ01 co-annihilation, as already noticed in [56,57,66]. We also notice that P2 and P6-SU1 lead
to a value of mh ∼ 111 GeV using the SPheno code (which is still in agreement with data if one
allows for a theoretical error of ±3 GeV [99]).
Regarding the prospects for production at the LHC, we present in Table 4 the NLO production
cross sections in fb (obtained using Prospino2.1 [95]) for c.o.m. energies of 7 TeV and 14 TeV.
We separately display the production of at least one and exactly two χ02 states. For illustrative
purposes, we also detail in Table 5 the production cross section for at least one χ02, identifying the
dominant production modes: direct χ02 production, from squark decay, or from g˜g˜ (see Section 2).
4Although the P6-SU1 benchmark point does not fully fulfil the “standard window” requirements, we nevertheless
consider it in our analysis, to study the flavour prospects of one of the ATLAS benchmark points.
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Point mχ0
2
mχ0
1
mℓ˜L mℓ˜R mτ˜2 mτ˜1 < mq˜ > mh
P1 410 217 374 231 375 224 1064 115.1
P2 356 191 338 212 335 198 963 111.4
P3 342 179 327 218 325 186 877 117.6
P4 938 499 911 653 877 499 2189 121.6
P5-HM1 676 358 595 368 594 360 1641 118.6
P6-SU1 262 140 251 156 254 147 733 111.8
Table 3: Part of the neutralino and slepton spectra for the benchmark points, as well as the
average squark mass (in GeV). For completeness we include mh as obtained from SPheno.
Point
σ(pp→ χ˜02) (fb) σ(pp→ χ˜02 χ˜02) (fb)
7 TeV 14 TeV 7 TeV 14 TeV
P1 17.5 278.7 1.0 19.1
P2 38.8 513.9 2.2 32.6
P3 60.6 806.9 3.8 52.1
P4 0.04 1.87 ∼ 0.00 0.13
P5-HM1 0.57 16.50 0.02 1.24
P6-SU1 239.0 2485.8 15.1 158.0
Table 4: Production cross sections for at least one χ02, σ(pp → χ˜02) (in fb), and exactly two χ02,
σ(pp→ χ˜02 χ˜02) (in fb), for the benchmark points, with
√
s = 7 TeV and 14 TeV.
Primary prod. mode
√
s (TeV)
σ (fb) for the production of at least one χ˜02
P1 P2 P3 P4 P5-HM1 P6-SU1
“Direct” –
∑
X χ˜
0
2X
7 11.1 23.1 28.8 0.04 0.53 101.8
14 69.0 124.4 154.5 1.11 6.50 447.8
“Squarks” –
∑
Y q˜L Y
7 6.3 15.3 31.0 ∼ 0.00 0.04 129.6
14 194.2 356.4 602.5 0.75 9.70 1758.3
g˜ g˜
7 0.1 0.4 0.8 ∼ 0.00 ∼ 0.00 7.6
14 15.5 33.1 49.9 0.01 0.30 279.7
Table 5: Primary production modes and corresponding cross sections for at least one χ02 (in fb)
for the benchmark points, for
√
s = 7 TeV and 14 TeV.
Finally, in Table 6 we summarise the information regarding χ02 decays into a di-lepton final
state. In each case we present the specific BR(χ02 → l˜iXℓi → ℓiℓi), corresponding to the contribu-
tion of a given intermediate l˜iX (X denoting L,R) and the total sum over l˜
i
X states.
The decay chains considered in this study, with charged leptons in the final state and missing
energy from the escaping χ01, ensure that a large signal to background ratio is likely to be obtained.
Notice that we will not address background estimation in the present analysis. For the points P5-
HM1 and P6-SU1, estimations of the corresponding backgrounds can be found in Refs. [61, 62],
respectively. Since at least one of the sleptons will always be lighter than the χ02, the distribution
of the di-lepton invariant mass will be (double-) triangular with an endpoint given by Eq. (2.6) of
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ℓi ℓi l˜iX
BR(χ02 → l˜iX li → liliχ01) (%)
P1 P2 P3 P4 P5-HM1 P6-SU1
ττ
∑
l˜ 15.2 19.2 30.2 1.7 9.4 25.6
τ˜2 7.9 7.6 4.0 1.7 9.4 2.4
τ˜1 7.3 11.6 26.2 — — 23.2
µµ
∑
l˜ 12.6 8.7 6.1 3.1 15.2 6.5
µ˜L 12.2 7.3 5.8 3.0 15.1 4.6
µ˜R 0.4 1.4 0.3 0.1 6.5 × 10−2 1.9
ee
∑
l˜ 12.5 8.7 6.0 3.0 15.3 6.5
e˜L 12.2 7.3 5.8 3.0 15.2 4.6
e˜R 0.3 1.4 0.2 3.2 × 10−2 5.7 × 10−2 1.9
Table 6: Branching ratios BR(χ02 → l˜iX li → liliχ01) (in %) for a given di-lepton final state, isolating
specific intermediate sleptons and summing over all exchanged (slepton) states.
Section 2.
In Figs. 2, we illustrate the di-muon invariant mass (mµµ) versus the BR(χ
0
2 → µµχ01) for
the mSUGRA points proposed in Table 2. We also display the expected number of events for√
s = 7 TeV and 14 TeV and corresponding expected integrated luminosities of L = 1 fb−1 and L =
100 fb−1. In general, in our analysis, we will only study di-muon (di-electron) mass distributions.
It is expected that the edges of di-muon mass distributions will be successfully reconstructed to
an edge splitting resolution of around 1 GeV [59]. Although di-tau mass distributions are equally
rich in the information they might convey on the edges, the experimental reconstruction of the
decay chains can be more complicated: if decaying hadronically, the taus can still be identified,
but the associated signal is plagued by an important SM background so that the reconstruction
of its momentum can be comparatively more difficult.
As expected from the spectrum of the benchmark points (in particular from the slepton hier-
archy), points P2, P3 and P6-SU1 have a double triangular distribution for the invariant di-muon
mass. This is confirmed by the upper panel of Fig. 2, where two edges are visible in the different
distributions, each corresponding to the intermediate left- and right-handed smuons in the chain.
We summarise the numerical values of the kinematical edges in Table 7. The lowest edge of P1
(corresponding to µ˜R) is hardly visible, while that of P2 appears superimposed on the Z peak.
The same distribution shape is present for points P4 and P5-HM1. However, in the latter the
lowest edge (around 130 GeV) is almost invisible to the naked eye and the values of the edges
mµµ(µ˜L,R) are in agreement with those obtained using Eq. (2.6).
In all points (upper and lower panels) the Z peak is visible, although in some cases, such as
P1 and P5-HM1, the relative height of the peak (as given by the corresponding BR) is very small
compared to its width. The peak of the lightest Higgs boson is only visible for some of the points
- P2, and P6-SU1 - since for the others the width is tiny when compared to the corresponding
height. In general, the expected number of events renders these processes visible only for a high
centre of mass energy (i.e.
√
s ≈ 14 TeV), as can be seen from the secondary y-axes on the right.
Notice, however, that a proper study of the background has to be taken into account.
Although we will not display it here, a comparison of di-electron and di-muon distributions
for different benchmark points would confirm the superposition of the kinematical edges of both
distributions - see exact values in Table 7 -, the only significant difference between them being
the disappearance of the Higgs boson peaks.
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Figure 2: Di-lepton invariant mass (mµµ) versus BR(χ
0
2 → µµχ01) for the benchmark points
(Table 2). Upper panel: P1 (red), P2 (magenta), P3 (blue) and P6-SU1 (black); lower panel: P4
(red) and P5-HM1 (blue). Secondary-right y-axes denote the corresponding expected number of
events for
√
s = 7 TeV and 14 TeV, with L = 1 fb−1 and L = 100 fb−1, respectively.
5.2 Slepton mass splittings and BR(χ02 → χ01lili) in the cMSSM
As mentioned in Section 2, one expects that the LHC will measure the kinematical edges of the
di-lepton distributions with a precision of O(0.1%). Although it has been claimed [68] that a e˜− µ˜
relative mass difference as small as 10−4 could be measurable, in the discussion of our numerical
results we will always adopt a conservative view, assuming maximal sensitivities of O(0.1%) for
∆mℓ˜/mℓ˜(e˜, µ˜) and O(1%) for ∆mℓ˜/mℓ˜(µ˜, τ˜ ).
We begin the numerical analysis of slepton mass splittings by a brief overview of the cMSSM
case (no flavour mixing in the lepton and slepton sectors).
In Fig. 3 we display the correlation between the BR of the neutralino cascade decay, BR(χ02 →
ℓ˜L,R ℓ→ χ01 ℓ ℓ) and the different slepton mass differences. In particular, we present the numerical
results for the mass splittings e˜L,R − µ˜L,R and µ˜L,R − τ˜2,1, where the heaviest/lightest staus are
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l˜X
mll(l˜X) (GeV)
P1 P2 P3 P4 P5-HM1 P6-SU1
e˜R 116.1 125.9 150.8 434.3 129.2 92.3
e˜L 136.2 92.5 83.8 187.2 255.7 62.0
µ˜R 116.0 125.7 150.7 434.2 129.0 92.2
µ˜L 136.2 92.5 83.8 187.5 255.7 62.0
τ˜1 82.6 77.5 78.4 16.2 56.0 67.7
τ˜2 134.4 98.0 87.9 274.4 256.4 54.2
Table 7: mll(l˜X) (GeV) where l is any of the charged leptons and X stands for left- and right-
handed sleptons (all families).
dominated by the left-/right-handed component. Here, as throughout the remaining analysis, we
normalise the slepton mass splittings to the corresponding average slepton masses (cf. Eq. (2.8)).
Fixing tan β = 10 and taking µ > 0, we have scanned the remaining mSUGRA parameters as
follows: 300 GeV ≤M1/2 ≤ 1.2 TeV, −1 TeV ≤ A0 ≤ 1 TeV, m0 being determined in each point
by the requirements of a “standard window” (leading to 50 GeV . m0 . 550 GeV). In this case,
and for simplicity, we have relaxed the requirement of compatibility with the WMAP bound of
Eq. (5.1). To illustrate the mass splittings associated with the proposed benchmark points (see
Table 2), we superimpose the corresponding predictions on the different panels.
As stated in Section 4, in the absence of flavour violation, the mass degeneracy between the
first two slepton families is only lifted by tiny RGE-running and LR mixing effects. Since both
are proportional to the corresponding Yukawa couplings, the e˜L,R − µ˜L,R mass differences are
expected to be very small (see Eq. (4.1)). This can be observed in Fig. 3, where one confirms that
both ∆mℓ˜/mℓ˜(e˜L, µ˜L) and ∆mℓ˜/mℓ˜(e˜R, µ˜R) lie in the range 10
−7 − 10−3. Both LR mixing and
RGE-induced effects are more important for the stau sector, so that the splittings ∆mℓ˜/mℓ˜(ℓ˜L, τ˜2)
and ∆mℓ˜/mℓ˜(ℓ˜R, τ˜1) are somewhat larger, typically above 10
−3. Mass splittings involving third
generation sleptons strongly depend on tan β: as an example, for tan β = 40, with A0 being varied
as in Figs. 3 andm0,M1/2 randomly varied as to fulfil the standard window requirement – which for
this strong tan β regime corresponds to 900 GeV ≤ M1/2 ≤ 2 TeV, and 380 GeV . m0 . 1 TeV
–, we find 3% ≤ ∆mℓ˜m
ℓ˜
(µ˜L, τ˜2) ≤ 6.5%, as can be read from the right panel of Fig. 4. Nevertheless,
it should be stressed that increasing tan β (both in the cMSSM and in its right-handed neutrino
extensions) lowers the lightest stau mass, so that in the large tan β regime χ02 predominantly
decays via an intermediated τ˜1 (∼ τ˜R), with BR(χ02 → τ˜R τ) ∼ 1. Fig. 3 also summarises the
prospects of the different benchmark points regarding production at the LHC (notice that since
the spectrum of P5-HM1 kinematically forbids τ˜1 → χ01τ decays, this point is absent from the
lower right panel).
From the comparison of each of the upper panels of Figs. 3 to the corresponding lower one, it
can also be observed that in the cMSSM the ratio of the µ˜ − τ˜ and e˜− µ˜ mass splittings indeed
goes as ∆m(µ˜L,R, τ˜2,1)/∆m(e˜L,R, µ˜L,R) ∼ (m2τ/m2µ) (see Eq. (4.2)). This can be further confirmed
in Figs. 4, where we display µ˜L − τ˜2 versus e˜L − µ˜L mass differences for two values of tan β. The
full line denotes the m2τ˜/m
2
µ˜ slope. For larger tan β (as displayed on the right panel of Fig. 4)
the increased LR mixing effects for the staus induce a deviation to the simple approximation of
Eq. (4.2).
In Figs. 5, we display a comprehensive scan of the µ˜L− τ˜2 mass difference in the cMSSM (the
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Figure 3: BR(χ02 → l˜L,R li → χ01 li li) as a function of ∆ml˜/ml˜ for the cMSSM. Upper panels:
∆ml˜/ml˜(e˜L,R, µ˜L,R); lower panels: ∆ml˜/ml˜(µ˜L,R, τ˜2,1). We take tan β = 10, µ > 0, and scan
over −1 TeV ≤ A0 ≤ 1 TeV, 300 GeV ≤ M1/2 ≤ 1.2 TeV, m0 determined as to account for the
“standard window” (50 GeV . m0 . 550 GeV). The different coloured regions illustrate regimes
for the decaying neutralino mass. Gray points correspond to cases in which mh . 114 GeV.
Crosses denote some of the benchmark points defined in Table 2.
corresponding predictions for e˜L− µ˜L can be inferred from the previous discussion of Fig. 4). For
three different values of the trilinear soft term (A0 = −1, 0, 1 TeV), we scan the mSUGRA pa-
rameter space to ensure an optimal survey of the volumes complying with the “standard window”
requirement. More precisely, we have taken a range 0 < (M1/2 −M (min)1/2 (tan β)) . 1.4 TeV, with
M
(min)
1/2 (tan β) being the minimal M1/2 for a given tan β that provides mχ02 > mℓ˜,τ˜2 and a χ
0
1 LSP.
We present the resulting mass splitting (in percentage) as a function of tan β, identifying also
distinct regimes for the χ02 mass (and hence M1/2, implicitly understood from the GUT relation
mχ0
2
≈ 0.8M1/2). For completeness, we also display regions corresponding to a relaxation of the
energy of the outgoing leptons (0 < mχ0
2
−mℓ˜L,τ˜2 < 10 GeV). Finally, we provide complementary
information about the corresponding ranges for the lightest Higgs boson mass, which can severely
constrain the explored parameter space, especially in the low tan β and A0 & 0 regimes.
The most important conclusion to be drawn from Fig. 5 is that in the cMSSM µ˜L − τ˜2 mass
splittings are at mostO(7%) (if |A0| . 1 TeV), and this occurs for regimes of very large tan β. With
increasing tan β, the lowest vertex of the region complying with the “standard window” constraints
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Figure 4: Mass differences µ˜L − τ˜2 versus e˜L − µ˜L (both normalised to an average slepton mass)
for the cMSSM. On the left tan β = 10, while on the right tan β = 40 (notice that in this case
the mass differences are given in %). In the left panel, scan and colour code as in Fig. 3, while
in the right panel (tan β = 40) we scan over 900 GeV ≤M1/2 ≤ 2 TeV with m0 determined as to
account for the “standard window” (380 GeV . m0 . 1 TeV), and A0 varied as in Fig. 3. Crosses
denote some of the benchmark points defined in Table 2.
is pushed towards larger values of both m0 and M1/2 (as can be seen from the displacement of
the triangular-shape central regions in Figs. 1). This in turn implies that regions in mSUGRA
parameter space associated with the largest values of the µ˜L − τ˜2 mass splittings will have poor
prospects for production at the LHC (smaller cross sections), rendering them likely unobservable.
For intermediate regimes of tan β, one expects ∆mℓ˜/mℓ˜(µ˜L, τ˜2) to lie in the range 2% - 5%,
the latter corresponding to large (and negative) A0. This A0 regime increases LR mixing in the
stau sector, thus augmenting the cMSSM mass difference between the left-handed smuons and the
heaviest (dominantly left-handed) stau.
Following the discussion of Section 4 concerning the correct definition of mass splittings for
QDFC sleptons, we present here the “effective” (according to Eqs. (4.9, 4.10)) and “real” e˜L− µ˜L
mass differences. Since in the cMSSM the sleptons have a well-defined flavour content, “real” and
“effective” approaches coincide to a very good extent as can be seen from Fig. 6. Hereafter, and
when addressing seesaw-induced slepton flavour mixings, we will always use the “effective” mass
splitting for the first two slepton generations.
5.3 Slepton mass splittings in the type-I SUSY seesaw
As seen in the previous subsection, in the absence of flavour violation in the lepton sector, the mass
splittings between the sleptons of the first two families are extremely small. The situation changes
if interactions that violate lepton flavour are switched on: either schemes where the SUSY-breaking
parameters for the sleptons are flavour violating (or at least non-universal) or mechanisms that
account for both neutrino masses and lepton mixings, could induce significantly larger slepton
mass splittings, large enough to be observed at the LHC. If flavour violating interactions in the
slepton sector are indeed present, then other LFV processes are likely to occur: in addition to
radiative and three body decays, lepton flavour can also be directly violated in sparticle decays,
e.g. χ02 → ℓ˜iℓj .
Recent studies [66] have addressed the complementarity of high- and low-energy LFV adopting
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Figure 5: Mass difference µ˜L − τ˜2 (normalised to the average µ˜L, τ˜2 masses) in the cMSSM as a
function of tan β, for different values of A0 (from top to bottom, A0 = −1, 0, 1 TeV). The subplots
above each panel denote the corresponding variation of mh. The different solid regions correspond
to hard (blue, gray) or soft (red, black) leptons in the final state. Inset are bands corresponding
to different regimes for mχ0
2
(in TeV).
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an effective approach. Here we will consider the framework of the type-I SUSY seesaw, studying
the implications of having a unique source of flavour violation: the neutrino Yukawa couplings.
Parametrizing Y ν according to Eq. (3.13), flavour violation can arise both from the observed
low-energy neutrino mixing pattern, or from mixings involving the (heavy) right-handed neutrino
sector. Even though very little data is available to efficiently constrain each Y νij , there are several
experimental bounds and theoretical arguments that should be taken into consideration:
• data on light neutrino mass-squared differences and leptonic mixing angles (cf. Eqs. (3.11,
3.12));
• bounds on LFV BRs and CRs (see Table 1), as well as lepton EDMs;
• perturbativity of the Yukawa couplings, |Y νij |2 < 4π;
• under the hypothesis that the BAU is explained via a mechanism of thermal leptogenesis,
the requirement of a sufficiently large CP asymmetry (while avoiding the gravitino problem)
leads to bounds on MN1 and to constraints on combinations of the complex R matrix angles
θi.
Aside from the perturbativity bounds, the most important constraints on the seesaw parameters
will arise from the non-observation of LFV processes: since both flavour violating BRs and slepton
mass splittings originate from the same unique source (Y ν), compatibility with current bounds,
in particular on BR(µ→ eγ) and BR(τ → µγ), may preclude sizable values for the slepton mass
splittings. This is in contrast with other scenarios of (effective) flavour violation in the slepton
sector where the different off-diagonal elements of the slepton mass matrix can be independently
varied [66].
We begin by considering a minimal implementation of the SUSY seesaw, where flavour violation
arises solely from the UMNS mixing angles. This corresponds to taking R = 1 (i.e. θi = 0) in the
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Casas-Ibarra parametrization of Eq. (3.13), and translates into a “conservative” limit for flavour
violation: apart from possible cancellations, and for a fixed seesaw scale (i.e. MN ), this limit
provides in general a lower bound for the amount of LFV. (Notice however that leptogenesis is
not viable in this case.) In the subsequent numerical analysis we will consider first strict normal
hierarchies for both heavy and light neutrinos, commenting at a later stage on the effect of different
mass schemes.
As can be inferred from the analytical discussion in Section 4 (based on the LLog approxima-
tion), ∆mℓ˜/mℓ˜ are strongly dependent on the RH neutrino mass scale, MN . In the limit R = 1,
the overall magnitude of the flavour violating entries is dominantly driven by MN3 (see Eq. (4.7)).
We begin by revisiting the correlation between the µ˜L− τ˜2 and e˜L− µ˜L slepton mass splittings.
We conduct a similar scan over the mSUGRA parameters as in the previous subsections (see dis-
cussion leading to Fig. 3), considering a regime of low tan β = 10, but now requiring compatibility
with the WMAP bound on Ωh2 (cf. Eq (5.1)). Here we take very small values of the reactor angle
θ13, also setting the CPV Dirac phase δ = 0. The impact of θ13 will be addressed at a later stage.
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Figure 7: Mass differences µ˜L − τ˜2 versus e˜L − µ˜L (both normalised to an average slepton mass)
in the type-I SUSY seesaw. Leading to the scan, we set tan β = 10, and randomly vary the
remaining mSUGRA parameters (with |A0| . 1 TeV, satisfying the “standard window” constraint
and requiring consistency with the dark matter and Higgs boson mass bounds). For the seesaw
parameters we have taken R = 1, θ13 = 0.1
◦ (with δ = ϕ1,2 = 0), and MN1 = 10
10 GeV,
MN2 = 10
11 GeV, varying 1013 . MN3 . 10
15 GeV. All points shown comply with present
bounds on LFV observables. We highlight in a different colour scheme points whose associated
prediction for BR(τ → µγ) lies in the interval delimited by current experimental bounds and
future sensitivities (red, green, blue), corresponding to mχ0
2
regimes. The magenta / cyan / gray
lines denote the maximal value of ∆mℓ˜/mℓ˜(µ˜L, τ˜2) attainable for the magenta / cyan / gray points.
The effect of implementing a type-I seesaw for the slepton mass splittings is clearly visible in
Fig. 7. It becomes even more striking noticing that this is the R = 1 seesaw version of the cMSSM
case shown in the left panel of Fig. 4. Firstly, one observes that both µ˜L − τ˜2 and e˜L − µ˜L mass
splittings become much larger, with values respectively up to 10% and 6%, well within the sensi-
tivity range of the LHC. Recall that in the cMSSM case one typically had values O(10−3, 10−5).
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Furthermore, notice that the points whose BR(τ → µγ) is in the sensitivity range of future ex-
periments are in general associated to observable ∆mℓ˜/mℓ˜, especially for mχ02 > 500 GeV. (The
maximum value of the µ˜L − τ˜2 splitting for points whose BR(τ → µγ) lies beyond experimental
capabilities is marked by horizontal lines, with a colour code matching the corresponding spec-
trum colour code.) One can also observe an important deviation from the correlated behaviour of
both mass splittings (see Eq. (4.6)), symbolically depicted by the full dark line, with a slope given
by |mµ˜L − mτ˜2 |/|me˜L − mµ˜L | ≈ 2. This deviation towards the pure mSUGRA limit of m2τ/m2µ
(see Eq. (4.2)) occurs especially for points associated to both smaller mass splittings and smaller
BR(τ → µγ), starting at an intermediate seesaw scale of aboutMN3 . 2×1013 GeV for small |A0|
and approaching the mSUGRA limit for MN3 . 10
10 GeV. For these regions in parameter space,
even for comparatively smaller flavour violating entries, the seesaw induces corrections to flavour
conserving LR terms, which in turn imply larger µ˜L − τ˜2 splitting when compared to e˜L − µ˜L.
In Figs. 8 we display the variation of e˜L− µ˜L and µ˜L− τ˜2 mass differences as a function of A0,
showing also the comparison with the cMSSM case. First of all, notice that both mass splittings
are substantially larger, and for most of the A0 interval considered, well within the expected
sensitivity of the LHC. Recall however that the overall enhancement in ∆mℓ˜/mℓ˜ is a consequence
of having taken very large values of MN3 , close to the perturbativity limit of the neutrino Yukawa
couplings (especially Y ν32 and Y
ν
33). Nevertheless, the roˆle of A0 in the SUSY seesaw is clearly
manifest in Figs. 8, and especially in the comparison of the former with the tan β = 10 band
of Figs. 5 (where discrete values of A0 were taken). While in the cMSSM the effect of A0 was
manifest through LR mixing (and via mh constraints on the parameter space), in the seesaw case
the dominant impact of A0 on the mass splittings occurs via the RGE-induced contributions to
the LL block (and LR, to a smaller extent) of the slepton mass matrix, as given in Eqs. (3.19). In
other words, the dominant contribution to ∆mℓ˜/mℓ˜ now clearly arises from the second term on
the right-hand side of Eq. (4.3). This is substantiated by the approximate symmetric dependence
of ∆mℓ˜/mℓ˜ on A0. As expected, the regions of large positive A0 (where small LR mixing effects
in the squark sector reduce the supersymmetric radiative contributions to the Higgs boson mass)
are disfavoured due to conflict with the LEP bounds on mh. For very large negative values of A0,
the RGE-induced amount of flavour violation is such that points associated with the largest mass
splittings have corresponding predictions to BR(τ → µγ) already excluded by experiment.
In Fig. 8 (as in all seesaw cases), we have displayed the “effective” e˜L − µ˜L mass difference,
as justified by the discussion in Section 4. We recall that for the cMSSM, and as emphasised by
Fig. 6, both approaches coincided. However when FV interactions are switched on, one should
use the “effective” mass splitting. This can be confirmed in Fig. 9, where we compare “real” and
“effective” ∆mℓ˜/mℓ˜ as a function of A0. Leading to this figure, we have chosen the mSUGRA
point P1, and allowed for variations of the trilinear coupling, |A0| ≤ 1.2 TeV (recall that for P1,
A0 = 0). Regarding the seesaw parameters, we have taken R = 1, θ13 = 0.1
◦, and considered
three distinct right-handed neutrino spectra for illustrative purposes.
For a comparatively light seesaw scale (i.e. MN3 ∼ O(1013 GeV)) minimising the amount of
flavour violation, and taking small |A0|, which minimises (diagonal) non-universality effects for
the first two generations (see Eqs. (3.17, 3.18)), one verifies that both approaches nearly coincide.
As the seesaw effects become more important, and flavour mixing increases, one clearly verifies
that “effective” mass difference provides the phenomenologically reliable e˜L − µ˜L splittings.
Notice that the ratio “effective”/“real” mass splitting is always & 1/2. For small values of |A0|
and/or low seesaw scales we have a ratio of ∼ 1. For increasing |A0|, approaching the turning point
mτ˜2 > mµ˜L → mτ˜2 < mµ˜L the “effective”/“real” mass splitting ratio approaches the ∼ 1/2 limit
(this also implies that, in this region in parameter space, taking the “real” splitting could lead to
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Figure 8: Mass differences e˜L − µ˜L (on the left) and µ˜L − τ˜2 (on the right) as a function of A0
(in GeV). We have taken tan β = 10, and scanned over m0 and M1/2 as to satisfy the “standard
window” and the dark matter constraints. The seesaw parameters have been set as R = 1,
θ13 = 0.1
◦ (with δ = ϕ1,2 = 0), and MNi = {1010, 1011, 1015} GeV. The colour code denotes
different ranges formχ0
2
(black points denote violation of at least one experimental bound - in these
cases BR(τ → µγ) -, while gray correspond to mh < 114 GeV). Crosses denote the benchmark
points P1, P2 and P3 as defined in Table 2. The lower panels illustrate the corresponding cMSSM
study (same mSUGRA parameters, with Y νij = 0).
a considerable overestimation of ∆mℓ˜/mℓ˜). For even higher values of |A0| and high seesaw scales
the “effective”/“real” mass splitting ratio can be greater than 1 order of magnitude, however this
typically corresponds to scenarios excluded by current bounds on LFV observables.
To better illustrate the evolution of the flavour content of a given slepton eigenstate in the
presence of the seesaw (even for the conservative R = 1 case), we display on the left panel of
Fig. 10 a simultaneous analysis of the variation of the flavour content of a slepton mass eigenstate,
in particular of the τ/µ flavour ratio of the µ˜L mass eigenstate as a function of MN3 . We present
this for the different mSUGRA points, also showing the evolution of Y ν32 on the upper axis.
For very low seesaw scales (i.e. MN3 ∼ 1011 GeV), flavour and mass eigenstates coin-
cide to a very good approximation. As MN3 increases, and especially for points like P2 and
P3 with large |A0| (enhancing the seesaw effects, see Eq. (4.7)) or points like P5-HM1 with∣∣∣(m2
L˜
)23/[(m
2
L˜
)33 − (m2L˜)22 + δM
2
LR ]
∣∣∣≫ 1,
δM
2
LR = m
2
τ
(A0 − µ tan β)2
(m2
L˜
)33 − (m2E˜)33 +M2Z cos 2β(−1/2 + 2 sin
2 θW )
, (5.2)
i.e., with a resonant-type enhancement, µ−τ mixing becomes maximal, and we are in the presence
of truly QDFC sleptons. This is confirmed by the lower left panel.
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On the right panel of Fig. 10, we symbolically represent (not to scale) the flavour composition
of the three heaviest mass eigenstates for the points P5-HM1 and P6-SU1, both for the cMSSM
and distinct seesaw scales. Notice that in the cMSSM limit the slepton hierarchy is quite different
in each case. For P6-SU1, the seesaw immediately induces an overcross of the e˜ − µ˜ eigenstates
(no mixing involved); only for very large MN3 does one observe a small mixing of the µ˜L − τ˜L
components.
As expected from the left panel of Fig. 10, large mixings occur for a much lower seesaw scale
in the case of P5-HM1, with a nearly maximal mixing for MN3 ∼ 1015 GeV. This further provides
an excellent illustration of a configuration with QDFC sleptons.
One of the (perhaps) most illustrative ways of exploring the impact of a type-I SUSY seesaw
is to consider the correlated behaviour of mass splittings and flavour-violating decays. In Figs. 11,
we present the e˜L − µ˜L and µ˜L − τ˜2 mass differences versus BR(τ → µγ) and BR(µ → eγ)
(providing in this case additional information on the CR(µ− e, Ti)). The data displayed in these
figures corresponds to tan β = 10, with the remaining mSUGRA parameters being randomly
varied (|A0| . 1 TeV), satisfying the “standard window” and requiring consistency with the dark
matter and Higgs boson mass bounds. Regarding the right-handed neutrino spectrum, we have
again taken (as for Fig. 7) MN1 = 10
10 GeV, MN2 = 10
11 GeV, varying 1013 . MN3 . 10
15 GeV
to ensure that mass splittings are within the experimental sensitivity range.
One of the most interesting results of Figs. 11 consists in the fact that almost the entire region
in parameter space associated with a e˜L − µ˜L mass splitting ∼ O(1%) is also within the future
sensitivity of low-energy facilities, especially for CR(µ−e, Ti) (even without the expected upgrade
to O(10−18) for PRISM/PRIME) 5. Furthermore, any e˜L − µ˜L mass splitting above 4% would
also be associated with a µ → eγ signal within MEG sensitivity. A similar situation (albeit not
so striking) is observed for µ˜L− τ˜2 mass differences: as an example, mass splittings above 3%, 4%
and 6% would be associated to low-energy signals of LFV within PRISM/PRIME, SuperB, and
MEG reach, respectively.
As already observed before, points with a tiny µ˜L − τ˜2 mass splitting and small LFV BRs are
distributed in a more disperse way (fuzzy dropping region) due to the fact that the corresponding
mass splittings are mostly arising due to an enhanced LR mixing (large, negative values of A0)
and due to the diagonal Yukawa-tau RGE contribution. The latter can even outplay LR effects
for large M1/2 and |A0|, and sizable tan β.
The most significant effect of considering larger values of θ13 would be to displace the depicted
regions towards higher values of BR(µ → eγ) implying that points with smaller mass splittings
could be within MEG reach. A regime of larger tan β would increase the mass differences, as
already seen in Figs. 5, but the associated “standard window” would require a heavier SUSY
spectrum. Although the BRs do indeed augment with increasing tan β (see Eq. (3.21)), this
would be balanced by the suppression effects of having heavier sparticles in the loop.
Figs. 11 have been obtained in a very conservative limit for the seesaw parameters, i.e. θi = 0
6,
very small θ13 and hierarchical light and heavy neutrino spectra. Nevertheless one can immedi-
ately draw some preliminary conclusions regarding the implications of high- and low-energy LFV
observables for the seesaw mechanism: if the LHC measures a given mass splitting, predictions
can be made regarding the associated LFV BRs (for an already reconstructed set of mSUGRA
parameters). Comparison with current bounds (or possibly an already existing BR measurement)
may allow to derive some hints on the underlying source of flavour violation: a measurement of
5 ∆mℓ˜/mℓ˜(e˜L, µ˜L) ∼ O(0.1%) would still be associated to predictions for CR (µ− e, Ti) within the sensitivity
of the future upgrade, O(10−18).
6As we will later see, non-zero values of θi imply in general larger predictions for the BRs and mass splittings.
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Figure 11: Upper left (right) panel: BR(µ→ eγ) (BR(τ → µγ)) on the left y-axis as a function of
the mass difference e˜L− µ˜L, normalised to the average e˜L, µ˜L mass. We display the corresponding
predictions of CR(µ − e, Ti) on the right y-axis. Horizontal lines denote the corresponding
current bounds/future sensitivities. The lower panels correspond to the mass difference µ˜L − τ˜2,
normalised to the average µ˜L, τ˜2 mass. Parameters varied as in Fig. 7. The colour code denotes
different regimes of mχ0
2
mass, and black points are associated with the violation of at least one
experimental bound.
a slepton mass splitting of a few percent, together with a measurement of a low-energy observ-
able, for instance BR(µ → eγ) ∼ 10−12 at MEG (in agreement to what could be expected from
the already reconstructed SUSY spectrum) would constitute two signals of LFV that could be
simultaneously explained through one common origin - a type-I seesaw mechanism.
On the other hand, two conflicting situations can occur: (i) a measurement of a mass splitting
associated to LFV decays experimentally excluded at present (black points in Figs. 11) or in
a region already covered by the low-energy facilities at the time; (ii) observation of an LFV
low-energy signal, and (for an already reconstructed SUSY spectrum) approximate slepton mass
universality. These scenarios would either suggest that non-universal slepton masses or low-energy
LFV would stem from a mechanism other than such a simple realisation of a type-I seesaw (barring
accidental cancellations or different neutrino mass schemes). For instance, a simple explanation
for the first scenario would be that the mechanism for SUSY breaking is slightly non-universal
(albeit flavour conserving).
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Although the reactor angle θ13 (and the Dirac phase δ) has no direct impact upon ∆mℓ˜/mℓ˜,
its roˆle for some LFV transitions may preclude observable mass splittings: recall that ∆mℓ˜/mℓ˜ is
controlled by the dominant flavour violating entry of the slepton mass matrix, which is in general
θ13 insensitive (only the τ -e and µ-e entries can have sin θ13 as a global factor, while for τ -µ,
sin θ13 is a second order perturbation). However, flavour violating transitions involving the first
generation (as is the case of µ(τ) → eγ, µ − e in nuclei, etc.) are very sensitive to θ13 [46].
Intermediate to large values of the Chooz angle, θ13 ∼ 5◦ − 12◦, may lead to predictions for
BR(µ → eγ) (among others) already in conflict with current bounds. In Fig.12, we consider the
impact of different values of the Chooz angle (θ13 = 0.1
◦, 1◦, 5◦ and 12◦) for the slepton mass
splittings and BR(µ→ eγ). From left to right, each set of points for a given mSUGRA benchmark
is associated with increasing values of MN3 .
Although (and as expected) θ13 indeed has a very small impact for the mass splittings, a joint
measurement of flavour violation at the LHC and at a µ → eγ dedicated facility (for a given
reconstructed SUSY spectrum) strongly depends on the value of this angle. This is readily seen
from Figs. 12, and as an example let us notice that for P3-like spectra a e˜L− µ˜L MS, in agreement
with BR(µ→ eγ) bounds, is only possible for very small θ13 . 1◦. Conversely, any hope of a joint
signal at the LHC and at MEG for HM1-like points requires θ13 & 1
◦ (recall that for MN3 much
larger than 1015 GeV, the Yukawa couplings become non-perturbative).
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Before addressing the impact of the additional mixing involving the right-handed neutrinos
(i.e. θi 6= 0), let us consider how the conclusions so far derived hold for a different hierarchy in
the heavy neutrino sector. In Fig. 13, we study the case of degenerate right-handed neutrinos,
displaying the mass differences e˜L − µ˜L and µ˜L − τ˜2 versus BR(τ → µγ) and BR(µ → eγ) (also
providing information on CR(µ− e, Ti)).
The results shown in Fig. 13 should be compared to those of Fig. 11 (notice that apart from
MNi , all the other parameters have been identically varied with the exception of θ13 which we
took as θ13 = 0.1
◦ in the hierarchical case and θ13 = 0.1
◦, 1◦, 5◦ for the degenerate case. However
the comparison in the lower panel of Fig. 13 is made for the same θ13 = 0.1
◦).
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Figure 13: Degenerate right-handed neutrino case. Upper left (right) panel: BR(µ→ eγ) (BR(τ →
µγ)) on the left y-axis as a function of the mass difference e˜L−µ˜L, normalised to the average e˜L, µ˜L
mass. We display the corresponding predictions of CR(µ− e, Ti) on the right y-axis. Horizontal
lines denote the corresponding current bounds/future sensitivities and regimes of θ13 (in the upper
right panel). Leading to the scan, we set tan β = 10, and the remaining mSUGRA parameters were
randomly varied (with |A0| . 1 TeV, satisfying the “standard window” constraint and requiring
consistency with the dark matter and Higgs boson mass bounds). For the seesaw parameters
we have taken R = 1, θ13 = 0.1
◦, 1◦, 5◦ (with δ = ϕ1,2 = 0), and MN1 = MN2 = MN3 = MR
being varied as 1012 GeV . MR . 10
15 GeV. In the upper left (right) panel colour code denotes
different regimes of θ13 (MR). Lower panel: comparison of degenerate (region with higher BR)
and hierarchical (region with lower BR) spectrum. Same scan as before, but now taking only
θ13 = 0.1
◦ and 1013 GeV . MR . 10
15 GeV. For the hierarchical case, same scan as in Fig. 11.
Colour code denotes different regimes of MN3 (or MR for the degenerate case) and black points
are associated with the violation of the experimental bound on BR(τ → µγ).
As seen from the direct comparison of the high- and low-energy flavour violation prospects,
potential measurements (and even negative searches) can hint towards the RH neutrino hierarchy,
in the case R = 1. This is especially true in the limit of very small θ13: if a sizable mass
splitting e˜L − µ˜L ∼ O(10−2) is measured at the LHC, then a hierarchical spectrum appears to
be the only candidate to explain such a signal. If a ∆mℓ˜/mℓ˜(e˜L, µ˜L) between 10
−3 and 10−2 is
reconstructed, and a µ→ eγ decay is observed, then both hierarchies are hard to disentangle based
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on observation. For the same mass splitting range, CR(µ− e, Ti) within reach of PRISM/PRIME
(and a potential upgrade), would strongly favour the hierarchical spectrum. Finally, should the
LHC be able to measure ∆mℓ˜/mℓ˜(e˜L, µ˜L) ∼ O(10−4), an observation of µ→ eγ could be due to
either RH spectrum (although in this case larger values of θ13 would be required to accommodate
the hierarchical hypothesis).
To conclude the study of the conservative limit of R = 1 in the type-I SUSY seesaw, we
conduct a distinct analysis, explicitly focusing on the dependence of the mass splittings on different
mSUGRA parameters. For fixed tan β = 10, a scan is performed over m0 andM1/2, taking several
discrete values of A0 (always complying with the “standard window” requirements). We fix all
seesaw parameters other than MN3 , which is varied as to ensure that each point has BR(µ→ eγ)
and BR(τ → µγ) in agreement with current experimental bounds. The results are shown in
the left panel of Fig. 14, which clearly displays how a potentially measurable mass difference (in
agreement with the different low-energy LFV bounds) translates the interplay of A0 and MN3 .
The two regimes (other than the nearly constant ∆mℓ˜/mℓ˜ for A0 = 0) reflect the different bounds
which are effectively preventing larger values of ∆mℓ˜/mℓ˜: for the ascending slope, the mass
splittings are almost insensitive to the actual value of A0, since in this case the values of Y
ν
ij that
saturate the current bounds on BR(li → ljγ) – BR(τ → µγ) for the θ13 = 0.1◦ regime considered –
are attainable without violating the requirement of perturbative Yukawa couplings. On the right-
handed (descending) part of each curve, the values of MN3 are at the maximum value allowed by
perturbative Yukawa couplings alone while BR(li → ljγ) is below current bounds. In this latter
case, A0 is the discriminatory factor that enhances the ∝ Y ν†LY ν radiative corrections to the
soft slepton mass matrices, in turn constraining the maximal value of ∆mℓ˜/mℓ˜ for a given A0. In
each pair of lines, the one whose maximum mass splitting occurs for a lighter χ02 corresponds to
the positive value of A0. Larger values of |A0| would lead to an increase in the maximal values of
∆mℓ˜/mℓ˜, which would also be associated with a heavier gaugino spectrum.
A similar study is conducted on the right panel of Fig. 14, taking discrete values of A0, and
studying different combinations of tan β and θ13. We notice that of all the SUSY seesaw parameters
likely to be measurable, A0, tan β, and θ13, are those expected to be measured/reconstructed at
a later stage. Just like in the previous figure, the two regimes for the slopes again denote the
bounds for BR(ℓi → ℓjγ) (ascending), and Y ν ∼ 1 (descending). The curves corresponding to
tan β = 10 and maximal θ13 present very low ∆mℓ˜/mℓ˜: this is a direct consequence of having to
take comparatively low values of the heaviest right-handed neutrino mass in order to comply with
the BR(µ→ eγ) bound (easily saturated for θ13 = 5◦).
From Figs. 14, it is clear that, even in the very conservative case of R = 1, without the recon-
struction of the mSUGRA parameters and measurement of θ13, very little can be said regarding
the expected values of ∆mℓ˜/mℓ˜, apart from some remarkable exceptions, which we proceed to
discuss. Let us address the hypothetical measurements of mχ0
2
and ∆mℓ˜/mℓ˜ corresponding to
three points highlighted in the right panel of Figs. 14 (α, β, γ). A measurement close to point
γ would provide very little information regarding the underlying source of LFV: different choices
of either MN3 , tan β or θ13 could easily account for such an observation. The case denoted by β
is already more interesting: although large values of ∆mℓ˜/mℓ˜ (in association with a heavy χ
0
2)
can be obtained for very large |A0|, complying with the bound on the LSP relic density becomes
increasingly more complicated in these regimes, so that a correct Ωh2 might eventually preclude
compatibility of a type-I SUSY seesaw with β. A set of measurements ∼ α (and β to a certain
extent) would certainly provide the most challenging scenario: such a mass splitting, in agreement
with current bounds on low-energy LFV observables, and for such a light gaugino spectrum, can-
not be accounted for by a type-I SUSY seesaw (in the R = 1 limit). Another mechanism of flavour
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Figure 14: Mass difference e˜L−µ˜L, normalised to the average e˜L, µ˜L mass, as a function of mχ0
2
(in
GeV). On the left we consider different values of |A0|, setting tan β = 10 and θ13 = 0.1◦, while on
the right we fix A0 = {−1, 0, 1} TeV, and take several choices for θ13 = 0.1◦, 1◦, 5◦ with tan β = 10
and θ13 = 0.1
◦ for tan β = 3. We vary m0 and M1/2 in such a way that we satisfy the requirement
of a viable Ωh2 in the co-annihilation region. The seesaw parameters have been taken as R = 1,
with hierarchical right-handed neutrinos, MN1 = 10
10 GeV, MN2 = 10
11 GeV, with MN3 varied
as to satisfy BR(µ→ eγ) ≤ 1.2× 10−11 and BR(τ → µγ)≤ 4.5× 10−8. Dotted lines denote points
where the kinematical constraints are outside the “standard window” and dashed lines are for
mh ≤ 114.4 GeV, while satisfying the “standard window” requirement. We have displayed three
points α, β, γ used for the subsequent discussion in the text.
violation (or at least flavour non-universality) should be at work in this case, e.g. non-universal
soft-breaking slepton masses. This will also be true for θi 6= 0, as in this case the low-energy LFV
observables would be enhanced making it even more difficult to account for a set of measurements
∼ α and β, while respecting the current bounds on low-energy LFV observables.
We will now depart from the conservative (albeit singular) R = 1 case, allowing for addi-
tional sources of flavour violation through the θi angles. Given that the right-handed neutrino
sector (both spectrum and mixings) is experimentally unreachable,7 this translates into having
parameters about which one has no direct information. As mentioned in Section 3, one can im-
pose indirect constraints on the θi −MNj parameter space, choosing R-matrix angles and heavy
neutrino hierarchies suggested by phenomenological arguments, such as generating the observed
BAU from thermal leptogenesis and complying with lepton EDMs. For simplicity, and motivated
by the analysis of the R = 1 limit, we have selected additional scenarios, that will play the roˆle
of seesaw “benchmark” points: three configurations of the heavy neutrino spectrum and reactor
angle θ13 are summarised in Table 8 and can be applied to the different mSUGRA points (P1
′,
etc.). P′(′′) denotes a case of nearly degenerate N1 and N2 (N2 and N3), while P
′′′ is the limit of
a strongly hierarchical right-handed spectrum, with MN3 close to its maximal value (as allowed
by the perturbativity bound on Y ν). We do not consider the case of degenerate RH neutrinos as
the associated phenomenology will not differ significantly from the R = 1 case already discussed.
In order to summarise the results, we now display a comprehensive scan over the seesaw
7If the SUSY seesaw is indeed responsible for LFV observables within experimental sensitivity, as well as for the
BAU via leptogenesis, then the seesaw scale lies in general well above the TeV range (∼ 1010 GeV − 1015 GeV).
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Point MN1 (GeV) MN2 (GeV) MN3 (GeV) θ13
P′ 1010 5× 1010 5× 1013 0.1◦
P′′ 1010 1012 5× 1012 1◦
P′′′ 1010 1012 1015 0.1◦
Table 8: Seesaw benchmark points. For the remaining parameters we have taken R = 1, and
ϕ1 = ϕ2 = δ = 0.
parameters, in particular over the complex angles of the R matrix. We consider mSUGRA bench-
mark point P1 with MNi = {1010, 1011, 1013} GeV, and randomly scan over |θi| ∈ [0, π] and
arg θi ∈ [−π, π]. We also select four values of θ1 and vary θ2,3 as favoured by leptogenesis [85] (see
end of Section 3), and highlight these regions via a different colour code, for illustrative purposes
only.
10-17
10-15
10-13
10-11
10-9
10-6 10-5 10-4 10-3 10-2 10-1
10-18
10-16
10-14
10-12
BR
(µ 
→
 
e
 γ)
CR
(µ-
e
, 
Ti
)
∆ml~ / ml~ (e~L, µ~L)
P1’
P2’
P3’
P4’
HM1’
SU1’
10-17
10-15
10-13
10-11
10-9
10-7
10-6 10-5 10-4 10-3 10-2 10-1
BR
(τ 
→
 
µ 
γ)
∆ml~ / ml~ (e~L, µ~L)
θ1
0
0.1
3 pi / 8
i 3 pi / 8
P1’
P2’ P3’
P4’
HM1’
SU1’
Figure 15: Left (right) panel BR(µ → eγ) (BR(τ → µγ)) as a function of the mass difference
e˜L− µ˜L, normalised to the average e˜L, µ˜L mass, for seesaw variations of point P1. We display the
corresponding predictions of CR(µ− e, Ti) on the right secondary y-axis. Horizontal lines denote
the corresponding current bounds/future sensitivities. We have taken θ13 = 0.1
◦, MN1 = 10
10
GeV, MN2 = 10
11 GeV, and MN3 = 10
13 GeV, and the complex R matrix angles have been
randomly varied as |θi| ∈ [0, π] and arg(θi) ∈ [−π, π]. The crosses correspond to the R = 1
case of the benchmark points P′ (see Table 2 and 8). In each panel the four highlighted regions
correspond to θ1 = 0, 0.1, 3π/8 and i 3π/8, with θ2,3 scanned as favoured by leptogenesis (see
text for discussion). In the left panel we show in solid blue the leptogenesis favoured regions for
different values of θ1 = 0, 0.1, 3π/8 and i 3π/8, from lower to higher BR(µ → eγ). On the right
panel these regions are identified in the inset.
The full realisation of a type-I seesaw leads to very rich scenarios (albeit less predictive) for
flavour violation, as can be seen from Fig 15. Recall that for an mSUGRA configuration similar
to P1 (see e.g. Fig. 12), the associated BR was O(10−16), with a mass splitting around 2× 10−4.
Under a generic choice of θi, the associated amount of FV is extremely enhanced (even already
excluded by current bounds in some cases). This confirms that, barring cancellations, the case
R = 1 clearly constitutes a case of minimal flavour violation, inducing low values for the BRs and
CR. Regarding the highlighted regions (corresponding to θ2,3 in the ranges given at the end of
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Section 3), the distinct disconnected regions correspond, for increasing values of BR(µ→ eγ), to
θ1 = 0, 0.1, 3π/8 and i 3π/8. For a SUSY spectrum similar to P1, a type-I seesaw could easily
account for slepton mass differences within the sensitivity of both the LHC and of low-energy
flavour dedicated experiments (possibly associated to viable leptogenesis scenario).
For the other seesaw benchmark points, an identical scan would translate in scatter regions of
comparable ranges, similarly positioned with respect to the different benchmark point.
In Fig. 16, we conduct a general scan over the θi parameter space, again displaying different
low-energy LFV observables as a function of the e˜L − µ˜L mass difference. Given the amount of
collider simulations conducted for the LHC benchmark points [61,62], we choose for this overview
of the SUSY seesaw the LHC points P5-HM1 and P6-SU1. We randomly scan over |θi| . π, and
arg(θi) ∈ [−π, π], taking θ13 = 0.1◦, and choosing three representative values for MN3 .
As can be seen from the first panel of Fig. 16, if a SUSY type-I seesaw is indeed at work,
and θ13 has been constrained to be extremely small, a measurement of ∆mℓ˜/mℓ˜(e˜L, µ˜L) between
0.1% and 1%, in association with a reconstructed sparticle spectrum similar to P5-HM1, would
be accompanied (with a significant probability) by the observation of BR(µ → eγ) at MEG. On
the other hand, even for very large values of MN3 , the constraints on the parameter space from
BR(µ → eγ) preclude the observation of a τ → µγ transition for an HM1-like SUSY spectrum.
From the comparison of both left and right panels, it is also manifest that the slepton mass
splittings are predominantly generated from mixings involving the τ − µ sector: this can be seen
from the strongly correlated behaviour of ∆mℓ˜/mℓ˜(e˜L, µ˜L) and BR(τ → µγ), implying that both
are governed by the term proportional to (Y ν†LY ν)23 (see Section 4). In this case, the three seesaw
benchmark points appear almost superimposed on the R = 1 (i.e. θi = 0) central diagonal region,
and their corresponding ∆mℓ˜/mℓ˜ and BRs follow the LLog dependency (i.e. BR ∝M2N3 log2MN3).
Although LHC production prospects have to be taken into account, when compared to P5-
HM1, P6-SU1 offers a less promising framework for the observation of sizable mass splittings at
the LHC (unless a precision of around 10−3 for ∆mℓ˜/mℓ˜(e˜L, µ˜L) can indeed be achieved). In the
latter case, it is expected that a determination of ∆mℓ˜/mℓ˜(e˜L, µ˜L) be accompanied by evidence
of LFV in muon decays. However the most interesting lepton flavour signature of P6-SU1 is
related to its potential to induce large BR(τ → µγ), within the future sensitivity of SuperB [11]:
a measurement of ∆mℓ˜/mℓ˜(e˜L, µ˜L) ∼ 0.1% − 1% at the LHC would imply BR(τ → µγ) & 10−9,
and would hint towards a heavy seesaw scale, MN3 & 10
13 GeV. For shortness, we do not present
the analog of Fig. 16 for the mass difference µ˜L− τ˜2, as little new information is conveyed by these
figures. Moreover, we have also verified that larger values of θ13 would only have the small effect
of slightly augmenting the concentration of the points around the central region.
The analysis we have done for a few illustrative SUSY benchmark points can be reproduced for
any other cMSSM realisation. In a hopefully not too distant future, when fundamental mSUGRA
parameters will have been reconstructed, and a measurement of LFV observables (BR(τ → µγ),
and CR(µ − e) in nuclei, for instance) will have also been reported, one will then be able to
predict the mass splittings associated to this (these) region(s) of the SUSY seesaw parameter
space. Should an additional measurement of the slepton mass splittings correspond to the above
prediction, one can say that the present seesaw realisation is in striking agreement with the data
we will so far have collected. On the other hand, if the measurement of the mass splittings lies
outside the predictions (as obtained by the SUSY seesaw, possibly in a leptogenesis motivated
region), we will be led to the conclusion that one of the underlying hypothesis (either this seesaw
realisation or a type-I seesaw as the dominant or even unique LFV source) has to be reconsidered,
or even strongly disfavoured.
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Figure 16: Upper left (right) panel: BR(µ→ eγ) (BR(τ → µγ)) on the left y-axis as a function of
the mass difference e˜L− µ˜L, normalised to the average e˜L, µ˜L mass, for seesaw variations of point
P5-HM1. We display the corresponding predictions of CR(µ−e, Ti) on the secondary right y-axis.
Lower panels: same as above, but for point P6-SU1. Horizontal lines denote the corresponding
current bounds/future sensitivities. The distinct coloured regions correspond to three different
values of MN3 = {1012, 1013, 1014} GeV. The remaining parameters were set as MN1 = 1010
GeV, MN2 = 10
11 GeV, θ13 = 0.1
◦ and the complex R matrix angles have been randomly varied
as |θi| ∈ [0, π], and arg(θi) ∈ [−π, π]. The crosses correspond to the different seesaw benchmark
points: from smaller to larger mass splittings one has HM1′′ (SU1′′), HM1′ (SU1′), HM1′′′ (SU1′′′),
for the upper (lower) panels.
5.4 Flavour violating neutralino decays: di-lepton distributions in the SUSY
seesaw
To conclude our study of LFV at the LHC, we reconduct the analysis of Section 4.2, but now in
the framework of the SUSY seesaw. As mentioned before, models of supersymmetric LFV may
be manifest in di-lepton distributions, either through the relative separation of the kinematical
edges corresponding to e˜L in mee and those of µ˜L in mµµ (implying that me˜L 6= mµ˜L), or via the
appearance of new edges in a given di-lepton mass distribution.
In Fig. 17, we display the BR(χ02 → µµχ01) as a function of the di-muon invariant mass mµµ
for different SUSY seesaw points, comparing the distributions with those of the cMSSM (formerly
shown in Fig. 2). For simplicity, we do not present here the peaks corresponding to the Z and h
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intermediate states in χ02 → ℓ ℓ χ01 decays. The values of the edges are presented in Table 9, and
should be compared to those listed in Table 7 for the pure cMSSM case.
l˜X
mll(l˜X) (GeV) for type-I SUSY seesaw
P1′′′ P2′ P3′ P4′′′ P5-HM1′′′ P6-SU1′′′
e˜R 115.8 125.9 150.8 434.5 128.4 92.2
e˜L 136.4 93.1 83.7 188.2 256.0 62.3
µ˜R 115.7 125.8 150.7 434.3 128.2 92.1
µ˜L 141.6 95.5 85.6 212.8 256.3 66.6
τ˜1 81.8 77.1 76.6 40.9 53.6 67.1
τ˜2 135.4 111.8 105.2 300.4 263.3 56.7
Table 9: mll(l˜X) (GeV) for type-I SUSY seesaw points (see Tables 2 and 8), where l is any of the
charged leptons and X stands for left- and right-handed sleptons (all families).
As is manifest from Fig. 17, and readily confirmed from Table 9, the impact of the seesaw at
the level of the di-muon mass distributions is quite spectacular, particularly in the appearance
of a third edge in most of the benchmarks considered. With the exception of P1′′′, all other
distributions exhibit now the edge corresponding to the presence of an intermediate τ˜2, implying
that the decay occurs via χ02 → τ˜2µ → µµχ01. For instance, for point P2′, the BR(χ02 → µµχ01)
via intermediate µ˜L, µ˜R and τ˜2 are 2.6%, 1.1% and 1.6%, respectively.
In Fig. 18 we compare the di-muon with the di-electron distribution, for the previous seesaw
benchmark points. We point here that unlike the smuon case the di-electron distribution does
not change with respect to the cMSSM case. From this figure one further observes that selectron
and smuon edges exhibit a clear separation. For a c.o.m. energy ∼ 7 TeV at the LHC, and an
integrated luminosity of 1 fb−1, only a few events would be observable. But for
√
s = 14 TeV (and
an integrated luminosity of 100 fb−1), the expected number of events (without background analysis
nor detector simulation) is O(103) for P1′′′, P2′ and P3′, while considerable poorer prospects are
expected for P4′′′ and HM1′′′. SU1′′′ offers the most promising scenario, with more that 104
expected events.
Comparing Table 9 and Table 7, one further verifies that in the type-I SUSY seesaw the mass
splittings are indeed a LL sector phenomenon (notice that for both right-handed smuons and
selectrons the edges remain identical up to ∼ 0.1 GeV) and are essentially restricted to the µ˜− τ˜
sectors, since the edges corresponding to e˜L also remain unaffected.
Interestingly, the fact that the SUSY seesaw leads to increased mass splittings only for the left-
handed sleptons might provide another potential fingerprint for this mechanism of LFV. Compiling
all the data collected throughout our numerical analysis, we have found that the maximal splitting
between right-handed smuons and selectrons, in all the cases studied, is
∆mℓ˜
mℓ˜
(µ˜R, e˜R)
∣∣∣∣
max
≈ 0.09% . (5.3)
Recall that throughout the preceding subsections we have verified that within the SUSY seesaw
∆mℓ˜/mℓ˜(µ˜L, e˜L) could easily reach values of a few %. Should the LHC measure mass splittings
between right-handed sleptons of the first two families that are significantly above the 0.1% level,
this could provide important indication to the fact that another mechanism of FV is at work
(for instance, an effective parametrization of flavour violating effects in the lepton sector, as done
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in [66], induces similar mass splittings for both right- and left-handed sleptons). Among the many
possibilities, a likely hypothesis would be the non-universality of the slepton soft-breaking terms.
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Figure 17: BR(χ02 → µµχ01) as a function of the di-muon invariant mass mµµ (in GeV) for different
SUSY seesaw points (see Tables 2 and 8). Upper panel: P1′′′ (red), P2′ (pink), P3′ (blue) and
P6-SU1′′′ (black). Lower panel: P4′′′ (red) and P5-HM1′′′ (blue). Dotted (coloured) lines denote
in both panels the curves for the corresponding cMSSM case. Secondary (right) y-axes denote
the corresponding expected number of events for
√
s = 7 TeV and 14 TeV, respectively with
L = 1 fb−1 and L = 100 fb−1.
Finally, we display the prospects for direct flavour violation in χ02 decays: in addition to the
possibility of having staus in the intermediate states, one can also have opposite-sign, different
flavour final state di-leptons. In particular, one can have χ02 → µτχ01, with a non-negligible
associated branching ratio. For
√
s = 14 TeV and L = 100 fb−1, the expected number of events
(again without background analysis nor detector simulation) is O(103) for P1′′′, P2′, P3′ and
SU1′′′. This is shown in Fig. 19. For P4′′′ and HM1′′′ a significantly smaller number is expected.
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Figure 18: BR(χ02 → ℓℓχ01) as a function of the di-lepton invariant mass mℓℓ (ℓ = e, µ) (in GeV)
for P1′′′ (red), P2′ (pink), P3′ (blue) and P6-SU1′′′ (black) (see Tables 2 and 8). Lower panel:
P4′′′ (red) and P5-HM1′′′ (blue). Full (dashed) lines denote in both panels the curves for di-muon
(di-electron) distributions. Secondary-right y-axes denote the corresponding expected number of
events for
√
s = 7 TeV and 14 TeV, respectively with L = 1 fb−1 and L = 100 fb−1.
6 Conclusions
In this work we have studied lepton flavour violation in high- and low-energy observables in the
framework of a type-I SUSY seesaw. If the seesaw is indeed responsible for both neutrino masses
and leptonic mixings, and accounts for low-energy LFV observables within future sensitivity reach,
interesting slepton phenomena are expected to be observed at the LHC. Under the assumption
of a unique source - the neutrino Yukawa couplings -, the interplay between these high- and low-
energy LFV observables allows to derive some information about the seesaw parameters and, for
specific configurations of the model, disfavour the type-I SUSY seesaw as being the unique source
of LFV.
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Figure 19: Flavour violating BR(χ02 → µτχ01) as a function of the di-lepton invariant mass mτµ
(in GeV) for the seesaw benchmark points P1′′′ (red), P2′ (pink), P3′ (blue) and P6-SU1′′′ (black)
(see Tables 2 and 8). On the right y-axis, we also display the expected number of events for√
s = 7 TeV (with L = 1 fb−1) and √s = 14 TeV (for L = 100 fb−1).
We began our analysis by considering the mSUGRA parameter space, looking for regions where
the conditions for a successful reconstruction of the slepton masses can be met: the observation of
a significant number of events of the type χ02 → ℓ±ℓ∓χ01 with sufficiently hard leptons in the final
state implies that the mSUGRA parameters should follow specific relations. In general, the most
promising scenarios are encountered for low to intermediate tan β and a light sparticle spectrum.
In these regions the correct relic density is always obtained via τ˜1 − χ01 co-annihilation. We have
illustrated these features by considering different points in mSUGRA parameter space. Among
them, and in order to address LHC prospects, we included in our analysis two LHC benchmark
points: SU1 (ATLAS) and HM1 (CMS).
The analysis of the slepton mass splittings in the cMSSM (in the absence of flavour violation
in the lepton sector) reveals that the expected values are very small due to the tiny LR mixing
and RGE effects. Although marginally observable for the smuon-stau sector, the mass differences
for the first two generations of mostly LH sleptons is at best of order of 0.03 %. At the LHC, the
cMSSM smuon and selectron masses could be reconstructed from the (double) triangular di-lepton
invariant mass distributions (in the best case scenario) with identical kinematical edges for both
di-muon and di-electron mass distributions.
In the minimal implementation of a type-I SUSY seesaw (R = 1, i.e. not taking into account
possible mixings in the right-handed neutrino sector), the slepton spectrum reflects the mixing
introduced at low energies due to the non-trivial structure of the Yukawa couplings (given by
the UMNS leptonic mixing matrix). These effects are only manifest for the left-handed sector,
potentially leading to maximal mixing between left-handed smuons and staus. This has motivated
us to introduce the concept of quasi-degenerate flavour content sleptons and “effective” mass
splittings. Especially for larger values of |A0|, the mass splittings between the first two generations
are significantly enhanced with respect to the pure cMSSM case. Even in this limit of R = 1,
mass splittings of a few percent can be easily found, and have associated lepton flavour violating
low-energy observables within reach of the future LFV experiments.
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Regarding the seesaw parameters that are likely to be measured, the Chooz angle only has an
indirect effect on the slepton mass differences, independently of the entries of the R matrix and
the seesaw scale MN3 . For larger values of θ13 slepton mass differences within LHC sensitivity
have associated BR(µ→ eγ) already excluded by current experimental bounds.
Given the dimensionality of the full SUSY seesaw parameter space, we have selected a set of
benchmark points, in particular the LHC points SU1 and HM1, to carry the analysis of the general
seesaw case (that is R 6= 1), considering different values of θ13 and distinct right-handed neutrino
spectra. A measurement of a e˜L − µ˜L mass splitting between 0.1% and 1% for P5-HM1 implies
that MEG should observe a µ→ eγ signal. Provided the seesaw is the unique source of LFV, no
signal is expected to be observed by SuperB. The most interesting LFV signature of P6-SU1 is
that, contrary to P5-HM1, a measurement of a mass splitting between left-handed selectrons and
smuons would imply a BR(τ → µγ) within SuperB reach. Furthermore, such observation would
strongly hint towards a heavy seesaw scale MN3 & 10
13 GeV.
Despite the richness of the SUSY seesaw regarding the interplay of slepton mass splittings
and low-energy flavour violation, the most spectacular result would be definitely manifest in the
di-lepton mass distributions obtained at the LHC. In addition to the clear separation between the
edges of di-muon and di-electron distributions (or equivalently, the observation of slepton mass
splittings) one expects the appearance of an additional third kinematical edge for most of the
benchmark points considered (which exhibited only two edges for the pure cMSSM case). The
latter would signal flavour violation in χ02 and/or ℓ˜ decays.
Interestingly, irrespective of the specific seesaw configuration, the mass differences of right-
handed sleptons are hardly sensitive to Y ν-induced radiative effects (at leading order). Should the
LHC observe mass splittings between right-handed sleptons of the first two families significantly
above the per mille level, this would strongly hint towards the presence of another source of flavour
violation (other than the seesaw).
It is important to stress that although a joint set of LFV observables might contribute to
disfavour a type-I seesaw as the underlying mechanism of neutrino mass generation (and lepton
flavour violation), one cannot exclude the possibility (however unlikely) that effects such as slepton
mass splittings or flavour violating decays originate from a non-trivial structure of the SUSY soft
breaking Lagrangian (the sleptonic part) at the GUT scale.
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